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Abbreviations

Ac
ACQ
AIE

aq

Ar
BINAP
BIPHEP
Bu

ca.

cat.

CD
cod
CPL

DFT
DMF
dppb
dppe

acetyl

aggregation caused quenching
aggregation induced emission
aqueous

argon or aromatic ring
2,2'-bis(diphenylphosphino)-1,1'-binaphthyl
2,2'-bis(diphenylphosphino)-1,1'-biphenyl
butyl

circa

catalyst

circular dichroism
1,5-cyclooctadiene

circulary polarized luminescence
doublet

chemical shift in parts per million
density functional theory
N,N-dimethylformamide
1,4-bis(diphenylphosphino)butane
1,2-bis(diphenylphosphino)ethane
enantiomeric excess

equivalent

ethyl

electron withdrawing group

gel permeation chromatography
highest occupied molecular orbital
iSO

coupling constant

layer chromatography

lowest unoccupied molecular orbital
meta

metal

milli or multiplet

methyl



MHz megahertz

mol mole(s)

n- normal

nbd 2,5-norbornadiene

NBS N-bromosuccinimide

NMR nuclear magnetic resonance

OLET organic light-emitting transistor
ONIOM our own N-layered integrated molecular orbital and molecular mechanics
ORTEP Oak Ridge Thermal- Ellipsoid Plot Program
p- para

PCM polarizable continuum model

OMe methoxy

Ph phenyl

PMMA polymethyl methacrylate

ppm parts per million

PPTS pyridinium para-toluenesulfonate

Pr propyl

q quartet

QM quantum mechanics

rt room temperature

S singlet

sept septet

t triplet

t- tertiary

TBDM tertiary butyl dimethyl

TDMPP tris(2,6-dimethoxyphenyl)phosphine
temp. temperature

TG-DTA thermogravimeter-diffetential thermal analyzer
THF tetrahydrofuran

THP tetrahydropyran

TLC thin-layer chromatography

TPF tetra phenyl furan

TPS tetra phenyl silole

uv ultra violet
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B RFETILFUANLDEZYTURKERZRLE Y HMERIS

E=UF AL, TARCIGEBSBESSE D I L TAEKRT A EERMAO—ETHY ., K
Ui 7 vk AR WD Z L TA) 1,2-H-E507, (B) @B A~OBEAIIN 60 1,3-H-§567, (C) 7&F YU R
PEIR~DT T F Al OWT RO EZ R L CESICERT S Y, £, o U FUERET S
KEFHR o RFEC, B LT ZEES & WV o e RARIEIN A KIS S5 2 & T, B=U 7 U8k
Z PR & B KR 2R ARG A3 4T 5 (Scheme 0.1.)7,

Scheme 0.1.
(A) R X
— v/ —_—
M
H §- &+
(B) _
— R———M-X - —M
R—=—H Noar
H+
C
(©) L

= U T USERICRRA e RS & LT, SRE IR o REDOIGIZ X % anti-Markovnikov 2 o> FHANEES
BEBATND 22, R T A 03, Y A AR AE F I3\ TR S AT S S HEFT
L. Markovnikov RINZHE 5 LA RME CARFIMED AR T D, —F5, Kk - HEW DI, KEFIR o RFE
ZHETLHE=U T R AT L 925 Z & T, anti-Markovnikov B OLEMN AR E L TES
N5 & &GO THE L7-(Scheme 0.2.)Y,

Scheme 0.2.

Ru cat.
— R * ' HO
R H)J\/ )J\R

up to 73% minor products

K < B OIZRD X9 o 2 128 L T 5 (Scheme 0.3.), (X UOITKIERT VX NVT =17
LN )GET A Z & THP E e b B =V T UEERNAERT D, OXICE =1 7 UEROKRE 197
a IRFBKBPAIIL, & BIZE M LDORITETHINLEE NI T 5 Z & T anti-Markovnikov % D 7K Fifk )
RS D,



Scheme 0.3.
Ru cat. Ru H
R— /,' \\ <—_> >='=[RU] .
R— R
_ H,O
o) o o’H
H
-~ R -— -
HJ\/R \)J\[IIQu] >—|:[Ru]
H R

anti-Markovnikov B O INBSIZBAE HAFFENHED S TE Y | IFETIFEALIZE->T, YT A
XU ) L— NSRRI A V. RIET LR o ~D A X ) — VORI S s S 9, K7L
Forluvy AMEORIGNI LY =0 F UBHANER L, aRFE~OE Ra 7 vax i ALnNETT 5
Z & ¢, anti-Markovnikov Bl = ) — V= —T VR T B, FEMZRSOSEEREIEI D c S T
M, Z IR EAR & L CARCT % (Scheme 0.4.),

Scheme 0.4.

1 | \
2 mol % Rh cat. i P
Ph—== + MeOH - /HOMG I Me” N
DMA, 70 °C Ph . \ 0

' -Rh—™

24 h 809, | ocR
° ' CcO

Z/IE =90:10

Rh cat.

—J5 Merlic 5%, B =17 USROG Uiz “HESGEZ RS E5H 2 LT, T =0 M A v
DI = VT IV DA BV RS ST 5 2 & 2406 T L 7= (Scheme 0.5.)%,

=z 4 mol % [RuCl,(p-cymmene)PPhs]

5-14 mol % NH,PF C(%
= CH,Cly, reflux
0/ o/

10 h
89%

Scheme 0.5.

Merlic S1ZRD X 95 7RG 2B L T D, X UDICRmT Vo T =0 AMlBEA SR L T
E= U T UERB AR L. [A+2INBRALEORIZ K0 IR USEERN AR T 5, &I, FEELSET
L. #t<ZmThIBigkEic L BRIl EWH LR34 % (Scheme 0.6.),



Scheme 0.6.

Hooe |
\ I\/[Ru} /

Merlic 5137 /b3 o K & KR L2 EE I OW T HRET BATV, RO 5 (L2NEIRAVIC EAKFE
fBEENDZEEHLMNI LT, ZORENS, BEAREN 128 LTEY, ZLhice =15 45k %
AR & LT LT % 2 & 3R S 7= (Scheme 0.7.),

Scheme 0.7.

D b D (100% D)
= ]
Ru cat. ) k %[RU]
L
=
/
o0/ o o/

F7- Lee HIX L6-T A VEKISEBEICH, vV AMlEA SIS TS 22T, B2 T Uik E
PR & U CR+ 2 INBRALEUS S HEI TS5 2 & 2 41 TH L 7= (Scheme 0.8.)%,

Scheme 0.8.
— 2.5 mol % [Rh(cod)Cl],

MGOZC — MeOZC
10 mol % P(4-F-CgHy)s
MeOZC \ DMF, 85 °C M902C

24 h 83%

Lee OISR T 2R AL 720, BARBL LA OB 2 W TS EIT 272, 7/vF
VR A EAREIL L2 T, BT 2 IRFBICEAZNERN L2 &0 n, KEHREAEELTe=Y
TUGERERB L TWD Z ERRBEINT, T UBRERF LI NI IE TIE, RIEERMICEKSE
WEEAL LTe, £72, EAREIN T RWRE | BRI EEORE %%H BN TG S

4



Fi

B2 b DT, DM COKRBIEKRZEORZBITET L oiz, LEDOFERENG, -Lnice=U T
SERAZ PR LTRAL, Sblcuayy a7 2 OEKIBIR Z > CHBOBRRILEY N AT 5
Z EMH B E 72572 (Scheme 0.9.),

Scheme 0.9.

p (60% D)
2.5 mol % [Rh(cod)ClI],

MeO,C D 10 mol % P(4-F-CgHy)s

MeOZC

83%
MeOZC

e
g

DMF, 85°C, 24 h MeO,C

_ 2.5 mol % [Rh(cod)Cl], (94% D)
MeO,C /= 10 mol % P(4-F-CgHy)s MeO,C

b P 70%
MeO,C DMF, 85°C, 24 h MeO,C
(94% D) (0% D)
MeOZC — TBSO 10 mol % Rh(PPh3)3C| MeOZC TBSO
X i\}\—D + D
Meoch TBSO:><? CH3CN, 85 OC, 24 h MeOZC TBSO:><:\?7

67% 95%

PLEDFERNG | Lee HIXDED K 9 22 RS 2 278 L Tu> 25 (Scheme 0.10.), 1ZUDHIZT L F &
0 MRS OFIGIZ LY . KBOEEN 2o TE= U F U AN ERT 5, =0 F U8k )8
RFE_EEG L T L 03[2+2]H73D£%ﬂ:}i55753‘5@ﬁ?5 ZcugvruTaUoRnERL, BAKE
BBEC > T &y n7 2 URHET D, SbIZ, m YU AORTHNBENETT 2 Tr v sy
DIKFNENL L, HOBIRILEW B ERT D,

Scheme 0.10.

MeO,C [Rh] MeO,C =
MeO,C, MeO,C \
[Rh]—H N
MeO,C MeO,C \ [Rh]
\ Meozc /
MeOZCQ[Rh]
H

U ED Xz, =V F o $ERAgPREL 32 2 LT, REFIR o RE~OMIBIER, oL
e THAEA T Lta%”@iﬁiiﬂﬁﬁﬁié’] AT U, s CIIAESE N EHE LWV 70 B8 2 2SR AT
52 EMARETH D,



BIEH RABTILFUNLDEZYTURKERZEZRLE Y HMERIS

B CIIRmT VX EERERE OIS L D, B =T UEEERA R & S ~DIE IO
Tk, —Fh, RT7T AR ORDVICHET AVF U Z2HVTESATH, BBERLORISICEY E
= U F UBERA AR T % (Scheme 0.11.)19, FSIEEICNER T V3% o 2 W= 3A 13, TS RO
17T v AR BEIE O 2 E D 2 & T, BRENMEMI Sz B =V 7 AN R
T5, JEBE=U T URIZENTY, —EHE =Y 7 U8R L FRRRICAESOS 3T 5 2 L v
BaanblEIhTnd,

Scheme 0.11.
A R X
W R
M
(B) Hs- 5+
R——X > R——M-X — —M
R B
X = halogen
hetero
H+
carbon (C)
L R—M~

TEMBE =D T UL, —ERE =Y T U8R L FRR RSOSSN AT T S 2 LI R, AR O
Fr B E~OEBILEANRTRETH D, HEOIL, I UVRBM Ao TEKRT S, Ia—Re=U7F
Bl 2 G B & 3 2 il R i 2 906D TS L 7= (Scheme 0.12.)7, E51E, I — F=F =L 2 F L
\ZH o TAT ENROGET 5 Z & T, 12-F UFIEMICE Y I — Re=U 7 8RN AR L, [4+2]FF
IMBEAEEOGREITT D2 E T LUMIC I VRERT DT 7 b= GFERBAERT 22 265N LTz,
EoVENEFEER LD TR IENETL, EFRETHLZAT LR, B =L HED BT
BEHILE AT DL, EEEHFECEMTHDL VoA VFHERTIIIEMET L,

Scheme 0.12.
X mol %
W(CO)s(thf) OO 95% (X = 100)
74% (X = 10)
THF, rt
X | 15h i
W(CO)s(thf) ‘ —W(CO)s(thf)

N~
¢
(W]
|

Furstner &%, fli % BB 4B Z -7 =) > b LU BRIZEB W T, &t 2 2558120 &,
B = U F bR A A L U CROSAEITT 5 2 & A2 B 5 75 L7=(Scheme 0.13.)%, Firstner 513, £~

= =VERICHET v R 2 AT 5 RE V., x BB S RMIE LIRS ETIZE A, A T Ll
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ARWS & 10 (il e X2 /T 57 2F 2 ML UBNEIRTAERT DD L, itz v s
EAIN R T ERT L7 2 U P LUDBEIETELND ZEEWH LN Lz, D m T
DFLENS, A P07 M2 V2R TR, B R T U —/ bR HET LTV DDk L, afifii 2 H
WERTIE, N URBEHER BTN L T D 2 EnD, =0 7 UK E PREE U TREDEST
LTWAZ LTSN, 20X, ERE=UF U EE2TREKE 52 LT, 1EROERKIE
R B THo TH R DIEBRE Y - 2 HT H{LEMNERAETH D,

Scheme 0.13.
O [Au] O
5 mol % AuCl Il O X =Br:77%
toluene x X=1 :76%
O 80°C, 16 h O
X ~
=Z
‘ 5 mol % InCl E X ‘ X
3 > : ‘ X = Cl : 95%
toluene \[In] X=Br: 7%
80 °C, 20 h O

TR BT, BHEGIZE > T, AT = Al A IV 1,2- R B ARE LI2A > F— AR HRE
Ehi-(Scheme 0.14.)), FiEHIZ, TAX=AT =V U EEFICHND & @EHOR(ERMLA O i
RO G RAERT HOIx L, TAXF= T =0 RERBIZHND EBALIRO BRI AR T 5
ZLEEHBMITLI,

Scheme 0.14.

_ Ph 3 mol % [CpRuCl(dppe)] Ph
Z 3.6 mol % NaBAr 4+3H,0 \ @—§
N~ Ph

PhCI, 110 °C X N
NHX X
4 h
X=H 1% 20%
X=Ac 0% 97%

FHEDITRD L 5 R RISHREAIRB LTS, TAF=AT =) VA EICHWER TR, A TF=w
DSBS T D 2 & T i ETEMEIIC K D BRACEMAL S ET L, B ORICEMALIKS AT 2
(Scheme 0.15., path A)), —JF ., TAF =17 =V REZEEITHNZR T, V7 =0 LMl RS L,
12-HE07IZ K0 T U S VRO BEBIENENLT 5 Z E T = U T UBEANAER L, E=U T VRO o
RFE~T =V RORELES 25 Z & TR A 5T 5 (Scheme 0.15., path B.),



Scheme 0.15.

[CpRuCl(dppe)] + NaBArF, R

Qf e o,
NaCl
Q/‘ [Ru_l BAT, \< )/ I' B
%
N~ R
R
H+

R BArF
Path B Rl P_I ) Path A
(R =H, Ac Bz) ©\/ (R=H)
[Ru]
NHR
K I _|_BArFi_/ \N_' WU]

\

H R

PLED X 9z, @B =1 F Rz g R &+ B MBS IE, AR O B A AL B~ 0 B
ANTRER A AR B TIETH D, WA CIRRFBIBALZ (F O MBS b IS S, 5% bk~ 2ot
DEANT 2 L7 BSOS OBIR S I SN 5, L0 b A #ix, EREE PR o xh v 7Y
7 R LORE A BHERR, © R B A~OBAC L BRI EHE TS 2 s B B R
BANEEND LHETHD, LOLARNRS A BEMLEED VA= F Uik il & 3 2 s s
1T, YBFERICE 2MEEZRITIZCNE TICHRE SN L DI 3FOHRTH Y . WIS E SR IRE
EBBELTHHDTH-T,

BT I NN —T WV CRESNTZBRIR N U A oxf L, ®iRSEE T (140 °C) CTHixEBEREZ
FOGSHTIZ L 24, ME SN TWIZ[2+42+2) BB IRIRIGR & 72 0 | [2+42+ 1 INBRAL BOG 23 AT
LT L TINNRUBEENREAERME LTH OIS Z L 2B 52N L7~ (Scheme 0.16)"), % 7 25T
(TR, 7 v A TIEPRRE DU TR+2+2MMBLER GO NI L, £ Y 77 TERINET
TN RGBT,

Scheme 0.16.

/O\
Me,Si~ SiMe,

/ \ +  M(CO)g

-3CO

n-octane, 140 °C

Me,Si SiMe,
O-Si Si-0
Me2 Me, Me, OL. O..
Me, Si-O Me,Si SiMe, Me,Si SiMe,
Si SiMe,
‘g SiMe Mezsll S‘lMeZ Mezsll S‘lMez
Mo | Se2 o) .0 O’/ | N0
Mez | si-g s s s 1S
' Me, Me, Me, Mez: Me,
M(CO)s M(CO)s
M =Cr 50% 30% trace
M = Mo 85% 0% 0%
M=W 12% 2% 0%
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Dankwardt 5%, flEx BB EEMEEZ W2 U LT 7 b=V BEROGRICBWT, 12w Al
NG L= F UK A R E L CRISEITT 5 2 & &8 52T L7=(Scheme 0.17.)', Dankwardt
HIZXAUT, A&IRT VT DEMBENC AW R TIREF OB RIRROGC L D 3-v U v F 7 b— Lk
RITRI R TH - - DI L, 127 At 2 W22 TIES U LT 7 b — BB @I s TARR L.
4-2 D )VF T b= BRSNS L UCAER LTz, BB Y~ 2 HTHLEMRE L
DD, 2 ODRISBHET DT OERMOZTIRIENMELS . EEmWISREDNLE TH -7,

Scheme 0.17.
OTBS
QTBS 10-13 mol % QTBS Cc4/C3
[Rh(CO):Cl], \:/( _IRh] OO R=Me 4.9:1
T toluene , HSMeR) R = rBu7a:
SiMe,R  907130°C SiMe;R SiMe,R(H)

R = Me, Ph, t-Bu

Lee HIFEE —HIZIHB W TR A2 2+ 2B EUSIZ I W T, 7 A REHRT L% N8N TS KnpitE
ﬁb\74%%@@6Eﬁﬂ%®%%ﬁﬁ%f%é*&%%%#KbkﬁmmwQmﬁoL#L\X%
TRV E OGBS AT, BRI O@IRSE 2 B L L,

Scheme 0.18.

Me Me Me

Me. ___
Si—=—Me 20 mol % Rh(PPhy)sC| Me~gi
0 o\
\_\_)_\ toluene, 125 °C
A\ 60 h

64%

oL, INFETICWESNV I AL =Y T U RE P & T D AR, Wb EiR
71<{5F75>M£T3?>D BOREBE ORI LRGN TV, —J, EFOFTET 2 E Cldhol, 71 %
BT V=T x ) —)UIA v R—=)UIT, BT A om0 MR A SOS S5 & RV EEIC
BWTKIEHET L, VU= F oA Z @R E LT3 U AR T T ) R—= BRI
SMETERT 5 2 & A2 L 7= (Scheme 0.19.)™,

Scheme 0.19.
R! R2 R?
'si 5-20 mol % Rléi,Rs

R6 =~ R® [Rh(cod),]BF4/BINAP R6
CH20I2, rt \
R® OH or R® (0]

R4 (CH,CI),, 80 °C R*

1-72h up to 90%



FOSHSIEIILL T O X 5 1T HEE S35 (Scheme 0.20.), (X U DI 7 A BEHT V¥ =V 7 = /) —/VIA K
—ZH F A e DT ASERRBEN RIS T 5 Z & T, A BOEME S T U e =Y 7 U8 RN
T D, WIZT = ) —UT =0 U a RFBIREEEL, 7o b A K DA Z AL E#ITT 5 2
ET3VINRUY TT U, R= izt 5,

Scheme 0.20.
Si P Si
=
oy g
X >/* XH
si S

Si= SiR1R2R3 . h
@E\gf[Rh] X =NH, O SR
X XH

ARBOSIE, FElTR Lz 3 BN TR BRI S CROS D EIT T 5, 72, 7 A REBRT V¥ =
NT = )= ERAWTERTIE, BEDBERMETI- VU AR TTUNERT DO L, 7 A B
TNAX=AT =) AW R TR, BEORIEMEICES 2- U A v R=AbAEKT D, ZOf
R, 7= /= E D U e =Y T UEEROARDBMEESI N TND B XL,

703 Lautens HiE. FEEOA A BB T VX =L 7 = ) —ZHHOr Y 7 Al A KIS S® 5 &
A FROENITETET, B OBR(CEMEAET T2 LT, 220 IARUY TTUBRERTHZ &
B LTV 5 (Scheme 0.21)0), Z O D, BT A LMD U SRR S U L E = U F gk
DA Rt Th D B2 D,

Scheme 0.21.
P Si(-Pr)s 5 mol % [Rh(CO),acac] [Rm\ Si(i-Pr);
Z 5.5 mol % BINAP = ms.(. Pr)
E— i(i-Pr
toluene, H,O (15:2) (@] ’
OH 100 °C, 1 h OH

30%

DEXY, Z@EBE=YF UK R Y v e =) 7 VR A SR & D AMEEROSIZ K0 | Rk x
IRHRLE r A FEEOBENFREL 72D, LinL, ThETYIAE=Y T U iR A g Rk & 3 2 fil
RIS, BIRELEETHORAGINRLN TV, —F, YHEEOREICLY, TAd=17
= ) —VHEBRIC A F A AN r U DEERE A SOS S/ D & IBRREETU Y v E =Y TGRS
AT D EBRHOLNCR T, ZOFHEEREE LS LRIEET VA v efilT = —=2 712 &
V. I E=Y T UK A g R & 2 BT AR DB & BTHE A MG ORIRA IR S
Do BT, B E A n B OBEN RIS 2L, 7 A FBICHR LR RIS BT 58
HIbgRert oy OB T 2,
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B ET7ARnTHEDFORERHE

BOEICRNT, Y= T UK A SRR DSOS I R0 . B S A R o e E
DOENIIFEIND Z L &R, 7 A Fid o EFKITEAT D L/FRMERFE L, ZO—DIC
LUMO =R AXF—HEM DK TFAMON TN Y s yno 2o oA ZREETHL 1 —
M, TAFEEDOBRINO ZHD Si-C fEAD o * BB L 7 X VD *fliE & D o *- n *IEDAHNAE
A3+ 252LT, FLRW LUMO =)L ¥ —#E(7 % & DO(Figure 0.1.), Z DX 5 ketEnb, vm—b
B EAT DA o HERLAEMOEHRBIRE STV,

G*
Q
H
LUMO Cs)i/H
H  39ev - Q Ho

Ho

Q
L)
I

H HomO H
Q0 HOMO Si_
H 83ev =00 H
-8.7 eV

Figure 0.1. Relative energy levels of the HOMO and LUMO for silole and cyclopentadiene.

WA S, EFSAEMEOEWE Y Do 2EA L a—ViFE ks, 1L <K LUMO = R/L¥—
WefrZoR L, BRI & L CEWEREZ R 5 2 & 2 L= (Figure 0.2.)°%, LIFITRd 1
—VHEERIT, G754 BnHRILEDE L THID THEET A AZFERb ST TH 5,

Ph Ph

C} /&\ »
N e Me N

Figure 0.2. Structures of tetraaryl silole derivatives.

FLABIE, AFAREEN T A RICEVEBENTZT7 X —(LEWH . LUMO = /L ¥ —HELD
ETFICRY, RERBRELY bERES 7 b LEEEEELRT 2 & 285502 L7 (Figure 0.3.)2,

Me\ Me Me\ /Me
Si C
S YNGERY,
5 s
Me Me Me Me
Aabs (NM) 360 322
Aem (nM) 426 367

Figure 0.3. Comparison of absorption and emission maxima between silicon and carbon bridged ladder

compounds.
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NFOIE, T A Fe o HEFRICEAT S Z LT, 8B FIEEARIEICH T2 2 s 2@E L
(Figure 0.4.)2, MERBHDOT > N T U FHOLERTESRALEBELAME LTHHLNATVDA, WL
BBIZBWTHOLE TIGRIT 2% e TRETH L, —F, AFLBEM LT 910002 VU VEEZ AT D
CVUNAT TR, OB FICENRIEICE E LD TRIZE O TY 90%LL &V S EVMEE T,
CUNEOBENZEY Si-CHEEGDo*uEE T v M7 D n uEOHE/EMRRAEL S Z & T LUMO
DEFNAF—WENMET L, 7-n *BEEORE FRENE AT 5, U & 0 —HIEREREED S Dt
Yoo TR IR REIMEE SN D OB ETFINERM E L EE 2N D,

SiRs

SiR,

@ = 0.90 : SiRy = Si(i-Pr),H
@ =0.92 : SiRy = Si(i-Pr),C
@ = 0.97 : SiR; = SiMey

@F =0.95: S|R3 = SIMeZH

@ =0.32

Figure 0.4. Structures of anthracene and 9,10-diphenylanthracene.

— %I, HOEMES B E CTEEMEO R W3 <L IR IVt A~ T b oo, BEFR
BECITE R TIENE LA T LTLE Y BAR SN D, 20 k) Z2EEREEICE T 5 I EWEN £
CHEKDO—DIZ, HFREORRERVICED, FREAMEOSBEREEBFZT BND, 2D, [EH
BECE B & T 20N FIE By X o 72T o dmmm W EHREINEASIN D, 71 FIiT,
RFITHAEGEDE | BHRER LOSERKERMEI SN D720, mEWEBEOEANES Th 5,
ZO, S FITEmENT A REZEATLHZ LT, BARKETHBRWVIDEEZROZ ENFRETH D,
ZOEIBBEENLLUABIE, 7 b T7EUDQI0ALIZ (AT AT AT =) VU VEEE
MALEZUV Y AT Y IR DEE#E L (Figure 0.5.)%, 910-0 7 ==L 7 F I Ui, WK
RETIEEWVEEETIEREZ /R T, BEARRE TS E TIERDSKIBIZIK T 5, —J, WH B
HELLETVIAT U R TRUE, AW U ARRIZED TV N T B A SRR RET S 2 L T,
D FHITOMEERRIHI SN D, 6T, B FHEHEEFEHOBW~L T VA a7 == VKR T b
TR L TR AR L. S FRITCOMEAER 28 L2 6 FEiE s EEflk s b, 2ok
B, FEEREBIZB VT HER < HE L 93% & W\ ) FEF ICE W E e B IR 2 R T,

@ = 0.93 (crystal)
AMum = 445 nm

Figure 0.5. Structure of 9,10-diphenylanthracene.
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S

F 7=, T4 Tang 512 & - T AIE(Aggregated Induced Emission) & FEIEL 5 5 2 72 Yo 2R E 3 i Xz
(Figure 0.6.%, S = — IZIEHRIE CILEIRIED B HHIFEC L 0 BURIE B ELT 5720, 7=
SHEZR IRV, FEAIRAE TITEEEIC K o TEHUEO B B[RS A0 S v, SO R m R B &

720 BUWVEDE AR T,
/ N\
Ay
"
Figure 0.6. A structure of aryl substituted silole derivative.
IEXEOET A Fn BALEWIE, 7 A RICK DR RQEAFFEOFHEL TSN D Z L ITNA,
i S K DXy X 2 T Ol e ESLARI I h R L AN TFRE~Om Eb RS D, 2o, B

Ba rA % o MBALEW OB IEDBIFEIT. FrR W2~ SHRENE D+ OB3E. © LTH M 7atlaEr:
ME~D RSN D,
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EmE AFEOEM

HETR_IZ XL DT, B =Y T UERIR, R OGN Z BUS S ¥ D 2 & TR B BSOS
PEATT 2AMZRPHEAETH D, SHICHE _HTEE 9, JERE=Y 78K o)y
= U T PR ARPEIR L 95 2 LT, flix BHSSOR R YT T 5 A R BA LB
A FEEOMERRETH L, IRETICHESNZ I E=Y T U2 g R & 3 2 i
SR A LB L L2y, BFREOMEICL Y, TAXF= VT = ) —VFFERIC D F A a0 A
PRI A B S8 2 &V IRRIREME T I A= FUBERNERT D Z EBNHL N E o T, 2,
FHi TR K DI, B A F o BRI A RITHR LT R R 2R E AR, SLIRAY 722 0 SR
L AWSEEDN ERHIEINA 2D, VUL P F UMK AT RIA L T ARHIS 7 A Fr it
BB OMBEIZ LY | FrR O RME AR BT 28O0 F ORI S LD,

U bEOERE0EERT, YA RBERT NIV T = ) —VEEREKE L, 71 FLICHBEEOE W
BHEZ AT OB FA M n DU AR Z SORSE 5 & IRmREETy I re =07
VEEIRDERR U, BB A B AR LT A F EEREN =0 T VRO o [RFEAENT D T A
o7 — REOGSATEEIZ 72 5 D TlE 72 W s & D8 % 1572 (Scheme 0.22.),

Scheme 0.22.
1 R2 R2
/R\Si,jwe Tt @Yy Rny" | 1,3-C-
©\/ . . — ~ migration Z UG
SRh e O SI-MGE 0-i-R?
OH OH R' R? R
MG = migrating group silyl vinylidene

FREOEMRZ S EITHARET 2 T o IR BB L LT AR RIS V= V2 AT 5 2 LT,
BAZREMETE I N E=D FUENER L, Za@T ke 350 20— FRISHEITT 5 2 & T,
TV F = VIO Mo TG 7 A R o EBABESND L2 R LIz, SbI2, Fbihlk
EEWTRNEOEZR L BRI W TREERZDEERME 2RI 2 L2 A L, LRI, #E83
U= T UER A EEER & T DO OB, B X OFERZR BUSHEEOM 2 BRy L LT
AEATol, o, #OEH T OMIEWMAEE., 36 KX O R 20RO FE SIS ORI DWW T HRFT
AT oTc, THD OMEHE R A AT H —ENOHELEICTERD, U FICEEDOFEMERT,

H—E T, R A BREA A EH VT AT = A AF VTR RS o —IL o
BIRIZ OV TR~ 5 (Scheme 0.23), &1L, 7 A REBRT VX =L T = ) —LEEKREHKE L, FA%
R AT =V G T DI A S, ATFA e T AR A OGS ST, EORER. 7
AR LD V=V FUERNAER L, @B A FBREE B L Tr AR EOT F = /LR
E=UT D afRFE~LIFRBENL L, TAFZ VAT YT R X om— U3 ER]T 52 L%
RH U7z, AROSIESRIR T THETLTERY, ZhETiagEasniv e =17 Uk Rl 5K
ST AR TR BTN 22 SRt T 5,
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Scheme 0.23.
R1 R1 R3
Si. cationic 4
R
R3 & X 2 Rh cat. z
R %
4 R®  5-Si-gt R
R OH é1
R5

15 examples
up to 95% yield

- 1,3-C-
—HBF, ~IRh] migration

O---Si———R?
AN
R R’

E. TLEOREBDIC LY, A BB 1,3- R BB SEA A X 172 (Scheme 0.24.)%20,
BSOS, 222 VAR X7 AT RIZ= v &0 NHC fillii % SOs S8 & mBUL Y A Sl
B L To A LEHRIEN D LR =V RE~ L3RBT D, — . EHENRH U HBRESIE, 74
%5 L RFE ORI HEITT D 2 E CICHE B O R WEHD 27— G TH 5,

Scheme 0.24.
. R3
R3 2.2 mol % NHC ligand R3 1
2 mol % Ni(cod), o R 1,3-C- RZR\
R\S_ 2 mol % NaOt-Bu zfsl.i migration S
. II R \ _— O—/
R 2 toluene, rt 0Ty “H
0~ "H 1-12h [Ni] R
up to 99%, up to 99%ee
up to 99:1 dr

Fo, ARUSMZ Lo TEK LI bEmITWT b EtE R L, FRIZT VXK MY AF LU v
HAE2EHETHLONSFEA BN IS EZRTER LR Y 772 AF Y F o R FR4om—uid,
VAR ARIREE & STV A R TS gk Th o Z & 2 A L7= (Scheme 0.25.),

Scheme 0.25.
Me Me
Sonogashira
= i i = coupling
. % . desilylation . %
O—SII\I'_PI. SlMe3 O,SI|\i_Pr - -
i-Pr i-Pr oxycyclization

HTETIE, IRRT A FBEBRA VNN T TN AF Y F R F R o — D8
FAZ DU TR~ % (Scheme 0.26.), 77 FA LM 0 7 ASERAEIE o [ o fEATEMALRE R A 5 - D IEE %
FHOSIGRIEDORE T & o CHEEMIC R DR A EITS TS Z ENAETH H, £ ZTEHIL, 2 D
DT NF=)VNT = ) —VEIEEBT DB IR A BEED A FUCEEICHWD Z & T,
A RIRFBEEANZDDE, TAF =T = ) —)VERLO F % S BRALANERRYICHEIT L, H—=IZHB W T
RH U8B AR TE L 22 AL,
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Scheme 0.26.
. i-Pr_ ,i-Pr ;
R Si R cationic
R2 Z R2 Rh cat.
RS OH HO R’
R* R* 9 examples
up to 81%
~HBF, oxy-
cyclization
_ i _
3 1
R R . 1,3-C-
. ZRNRT R2 migration
R
o‘———/Si\ = RS
i-Pr i-Pr
L R* |

silyl vinylidene

BRI, REHTMIC LD RE Y A FHORERBUSIZ OV Tk~ 5 (Scheme 0.27.), 35 & [Alf%E
kT %7 A F#iZ, RBEFRRICRFPOOENITRETH D8, RISPEDE ) B R 72 A R LA R
BNTW5S, TZ T, YA FLICAWCE R T VEEEA LT Cs iy BEES A v 2 H
Wy REIERFMUIC L 2 REE T o712 & 2 AT AR RICRFRLAFRSND Z L2 R L,

enantiotopic alkyne
@ ,tBu -
Si ‘,’ cationic
R \©\/ \/@/R Rh cat.
OH HO

-HBF4 oxy-
cyclization

Scheme 0.27.

5 examples
up to 83%, up to 59% ee

. 1,3-C-
~IRh] R migration

Me t-Bu
HO
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Fi

FIUE TR RS X D SOSHERE OB IC S\ Tk 5 (Scheme 0.28.), ASE T, Ve =Y
T UEERDNRM R SR CTER LI A — REUGHHEITT 5, TR S 7 = ) — VL3 S & A
HELTWDEZEZX LN, MU I O SN TR o7, £7o, 7 A F EE#EED 1,3-
PRFBHENL ST DN T BRI LI DL CTOR N Z & 2D | BiEREHR A2 F O CREM 72 SUSHERS 2 17
LM LT, B E, FE_EIIBWT, 7 a2 XA BREAT DRIEBMDBAER LTZ), ZObEMmIEYs
PIARE LT R RAD DIZAER LN 2 e h | B 2 AR L OSSN R Sz, 207,
F ¥ VBRALIZB T D ROGHEREIZ DWW T B EEREHE A W CEEI A H 2 Lz,

Scheme 0.28.

1 1
R..R cationic _[Rh]* 1,3-C-

Si
4 '\ Rh cat. QY'/ migration Q\/\
R? Tog—— ~ Si 1\ R?
—HBF, O---Si———R? proto 0-SI-R
OH R/1 \R1 demetallation R!

silyl vinylidene

R1W
cationic

Rh cat
SI/C-
migration

o,
cyclization ad
e
O- Si- R2 (6] O
R

FHE TS O NIALED O NZFRECON TR D, RFFRICE W TAER LT-E 7 4 F o (b s
I bElt L, XUV T TN RAF YT R A F Y v — W ERIRREEICB W T L IEF IS E
WO A R LTz (Figure 0.7.), EHUEEOEWIZ K0 #Ot R FICRAE LS b L, IR KRS8 7 1 v
ZRIEDENMZ L D I ECHAE TIERNRE LSBT 22/ L, 22 TERIX. O
BINFRHE OB 2 | BERETR I X O X B EMATIC LT 22 & & LT,

Figure 0.7. Structures of methylidene-benzoxasilole derivatives.

DL IR T-MIEOFE M 2 . Ak —E 0D HEIZ TR 5,
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B
F—H &

il

i CiR 7= LD ICEH I, YA BBERT VX =NV T = ) — NV EEREKE L, 7 A F EICHERED
MWVEHREZ AT LEEIS, ATFAMe Uy AEERAEE SOS SE 5 2 & T, BfaRgfTr e

= U T USRI ER L, MBUALT A FREARRH LT A F EERENE =T 7 U8EKD o [RB~HRALT
DA A — RIS ATREIZ 72 5 D TidZe s & D& %157 (Scheme 1.1.),

D ————————

Scheme 1.1.
2
R1 R2 1 R
\Si\ R\SIi'MG . .4[Rh]+ 1,3-C-
= MG -H migration e
SRA e O SI—MG 0-Si-R?
OH OH R' R? R
MG = migrating group

silyl vinylidene

FZTEZIT, BBERRO S WERL L LT, A A E LT AR U VA U B A A
BoA v EAR LB AT, FOME. VIA L) F U RE AL T, ¥M1EEoT 3=

ENC=U T UERD o [REBE~NEN LT EBZDOND, TAFo A AT YT oR_X ) F v m—n
555 Z & & L L7z (Scheme 1.2.),

e

Scheme 1.2.
R. R
Si
©\/ \@ cationic Rh cat.
OH
AREJSIZBNTHE

BNETAFZAAF TR FFI L0 — A RNETEAFY TNy oF
¥ — UEROSHKIT. THhETICUTFICRT 3FNREShTNG D,
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Park 51X, 7LWX ORI T2 AT HEEEZHW, FARET VNAVEOITNZ STz, AT
UF Ry F Yy n— LVERERD S A B L= (Scheme 1.3)%, Y run X 7 LT, v 5
SNOERE 2T, NB U EMA D & EIZ BRI OSIZ L > TAF VT Ry Fdhom—
IWVHEBRNERT D, N BUEMAT, KBHNOALZIT TR TIET T 7 a7 a XU e Lz
b, YT vraTaXrERERE LTREB L, BVTERALLSSET LTS Z ERRmB S,

Scheme 1.3.
R__R
Me\s"\'/l—esm Mo |
Ivie 9 =
O/\/\R ther?::(zeg;zene %/\V\\R o,ﬁ/li\Me » 1O R=Ne)
e

Park 513, L FITRT LT 005 b IRENT & 5 [ OB AR MG & #ei L 7= (Scheme 1.4.)%,
ZHLIZBWTHEERIZY I v 7 m a2k e LTRALTWD Z LAVRIR S LT,

Scheme 1.4.
Me, Me Mo, Mo H
Si—-SiMe = .
= 8 ho s SiMe;
— i > —_— .\
benzene tVies 0 if/: Me
~H e
0]
OH xJ 15%

MHEGIX, TAFURMICT7 2=, KBENRD ST o CRESN-EEEZ VR ETo7- 6 2
A, BUUN NIV AEANERIIBOWTEMRIEREITL, AFIVF ooy dHon—g
WA ET HIEMMREDILD = & &4 L= (Scheme 1.5.)%9, KUSHEREIZIA 5 20 STV,

Scheme 1.5.
Ph A) 2.5 mol % [Rh(CO),l, Ph

& toluene, 110 °C, 11 h _ _ A 63

SiMes B) 2 mol % Pd(OAc), ~ SiMeg B 979

_SiMe, 30 mol % t-OcNC 0-Si-Me I
o Me

toluene, 80 °C, 3 h

UEDX Sz, AFIVTF XUy FFV v —/VEEOEERISIT, T E TIOLG, £03ER
BIBIZ X B A B Z L T2 A RBINME SN TS, UL, SEEEARPESIRE DL, SR 72 AE
EHLNZENR TR, 2, WTROKIEIZWTH AF Y T o _ Ao m— L8R » 5O
B, WISV TOHEIT R, BHROFAELH LM STV oz, AR TIXFEM 72X

P

IO & & HIT, AF VT Ry F R o — L EEORE A BROSIC OV T B RE 1T 9,
AT TIEIBEHEROFEZ OV TR~ D,
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EET RHEK

ZLOIZ, 7 A FEEICATFNVEEFT L O0EE DGR Z R Li-(Scheme 1.6.), 7 U =¥ —/L4cHi
Lo TT7 == 7 8F L b Grignard LR L, 7nw s 7 AR SETE FrY T U2t
7o BOHNT-E FEY T2 NBS 2GS ETCT BEY T UA~EEH L, 7)) =y — AT L -
T THP RSN/ F =7 =/ — )5 Grignard REEZFARL, 7 nEv T U GRS ERE, &5
12, PPTS ZS S THIR#ET D LT, TAF= VT2 ) —VEKEAL, 74 R LICATFLESE

=~

AT DI T A FRIEGT A 2B LT,

Scheme 1.6.
1) EtMgBr (1.2 equiv) Me, Me Me, Me
. 2) Me,SiCIH (1.5 equi =~ "H NBS (2.2 equi = Br
= ) Me,Si (1.5 equiv) = (2.2 equiv) = - SiBr
THF/Et,0 CH,Cl,
0 °C to rt, overnight 0°C,6h
quant 40% vyield
1) MeMgBr (1.0 eq) Me. Mo 50 mol % Me. Me
~  2)SiBr(1.4 equiv)) Z X PPTS Z X
Et,0 MeOH
oTHP 0°C toreflux for2h OTHP rt,2 h OH
rt, overnight 1a
46% yield

HOoNT-HE la # HW T F A Mmoo AfSegphos il 2 SO S w7 & Z A, FBE L TN 2iBAL
FUSHHEIT L, TAF =V AF T o_u ) %y m—/b 2a VAR L7223, 30%FRE & RILR L 7 -
72(Scheme 1.7.), N> A FHvma— UL, A £ LEHRILOSE S BMEEMOREMEIZEE L Tk,
BEHIEDSIEINT NS R BIE ELBMBREENT S Y, 2o, SEHIONS DA F AL AT
L lalF AL Eb L, JOGHRHFT U A7V ECHfR LI EZ b,

Scheme 1.7.
Me_ Me
Si 20 mol %
=Z X [Rh(cod),]BF 4/Segphos
(CH,CI),, 80 °C
OH 14 h
1a
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UL EDOFERING | O RZERE B E LT, K EmEWA Y 7 r VL2 AT 2SS EE DGk
ZHat L7=(Scheme 1.8), 7 ==L Tk F L I, n-7F/LY %?A%ﬁ:}ifﬁéﬁ AV T s u
Ry T UERIGERETE RRU T U AAR L, Bbick Reo 7 U AcH k) V2 RISSE T/ r R
VI UNEE LT, THPIR#E SN TF =T = )= n- T F ALY F N T LRSS E, IZhH
L7z auy 7 OGS, S5, BNV A VI PPTS 26 S ¥ T THP 2 Jifti#Ed 52 &
T, TAF=AT o )=V EZH L, AR A Y T o VEE2/T IR r 4 BERETA v

AR LT,

Scheme 1.8.

P 1) n-BuLi (1.2 equiv) "Pr\Si/"Pr "Pr\Si/"Pr

2) (i-Pr),SiCIH (1.0 equiv _=~"""H PCls (2.0 equiv = Cl
= 2)(i-Pr), (1.0 equiv) = 5 (2.0 equiv) = _ sic/

Et,O,0°Ctort CH,Cly, rt
ovenight 2h
(1.3 eq) 99% yield 78% yield
/Pr\ ,/Pr /Pr\ ,/Pr

1) n-BulLi (1.2 equiv) PPTS

= 2) SiCl (1.5 equiv) 20 mol %

Et,0,0°C tort MeOH, rt
OTHP overnight OTHP

(1.0 eq)
78% yleld
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F=H RICEHDRE

TLDIC, FA4FREIZ2504 VT a VK EETHEE 1bIZ, BT A MEr U v ABINAP filtli %z
RIS SH-L A MEETHEBMNMEIENEIT L, 7L L AF Y F R F42 a—/0 2b 75 94%
LT B (Scheme 1.9.), £ T 1b ZEFAME & L CREMARBUSRIEZ BT 5 2 & & LTz,

Scheme 1.9.
i-Pry ,i-Pr
Si 20 mol %
=Z X [Rh(cod),]BF 4/BINAP
CH2C|2, rt
OH 14 h
1b

FEFITIERHRIR DA 1b T VEE & U TSRO 217 > 72(Table 1.1.), ZRIBAIE T,
KFEICE VI ad s B0 ) VRV R LIz n Uy AR A2 D CTRR 21T -
7oo Flix BRARAT ¢ VBN F 2 O TRET 21T - 7o i R (entry 1-6), 7 U — L RENL T2 HWD &
WD FEEIRERICHERE L BINETHENE T IR Y 7TV AF VTR FF v m—)1 2b
MR HALT (entry 1-4), BRT. B BIPHEP 25 & b @WIERTHI DR Y %421
— 20 BELNT, TIAFNALRDOEARAT 4 VAT Th % dppb, dppe & W25 & I3 B O#E(L
RKNELIET L, WERARE KT Liz(entry 5,6), £7-. fillltz kFELEFICRIGSED &, HEHD
b3 - R RE KT Liz(entry 7)., BEARAT ¢ VENL 2 HAVT, v o0 ARIBEHAD Z % H
WA D, BEORENREERBIERMNZEIER L, IERPKE KT Liz(entry 8), H&%IZ,
BAZ 12 BIPHEP Z vy, filffi& 4 5 mol %IZE IR L7z & 2 A, 88%INERTHMAERM 5 biT-
ZEmb I ERIESIE & Lz (entry 9),

— . RIZZ7 == 1T u Va5 1c Tt LRt OKESMIIIENE 72T LN &N
HOMNERoTe, EFIL, TAXFNVEICLVEFEER Ic X, BEFRRRITFA MR YT AITHEL
BN D 7o OIS DEITHAEF STV D EHERI L7z, & 2T, BN ORI OREGET 21T - 72 (entry
11-13), IEU®HIZ, 7 h=FU % 15 YEFINL TR EITo72 L 2 A, IZFEEHEIR E 220 . H
AN E > T- < BB 7= (entry 11), ZAu, 78 b=k U AL OIROENLFEIZ & - THEBEA K
ELiclwEBEzbNb, —FH, THR, A%/ —L& 15 Y EMx =& 2 A, RISHHEIT L, THF TiX
84%, A X/ —/LTCldAd M\ 89%INHE T HIAERMM MG Hiviz(entry 12,13), £7-, THF Z¥ME L LT
FAWn L, 15 YEMZXZRED BIERMME T Liz(entry 14), UL EOFEFRE NS, BEFEBEREE A2 HW
HRTIE, RESMCEBICHRMAIE LTI YBEDOAY ) —LENZDZ L & LT,
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Table 1.1. Optimization of reaction conditions®.

5-20 mol %
I- F’r\ ,/ -Pr [Rh(cod),BF4]/ligand

©\/ \ additive (0 or 1.5 equiv) Q\’/\

CH,Cl,, rt N

o-Si~ipr R
14 h ]
i-Pr
1b (R=Ph) 2b (R=Ph)

1c [R=(CH,)3Ph] 2¢ [R=(CH,)3Ph]
entry 1 ligand catalyst additive convn. yield
(mol %) (equiv) (%)P

1 1b BINAP 20 - 100 94

2 1b Segphos 20 - 100 82

3 1b Hg-BINAP 20 - 100 90

4 1b BIPHEP 20 - 100 98

5 1b dppb 20 - 48 30

6° 1b dppe 20 - 32 23

79 1b BIPHEP/cod 20 - 21 10

8 1b - 20 - 73 26

L9 LI BIPHEP ________ S l.: e 100 ____.88 __
10 1c BIPHEP 5 - 0 0
11 1c BIPHEP 5 MeCN (1.5) 10 0

12 1c BIPHEP 5 THF (1.5) 97 84

13 1c BIPHEP 5 MeOH (1.5) 100 89

14 1c BIPHEP 5 THF® 100 76

Active catalysts were prepared through hydrogenation (1 atm, rt). “Isolated yield. [Rh(nbd),]BF, was used
instead of [Rh(cod),]BF4. “Catalysts were used without hydrogenation. *THF (2.0 mL) were used instead of

CH,Cl,.
o]
OO < O PPh2
PPh, O PPh, PPh, PPh, PPh,
PPh, o PPh2 PPh, PPh, PPh,
C O o] O

BINAP Segphos H8-BINAP BIPHEP dppb dppe

Figure 1.1. Structures of bisphosphine ligands.
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SEmuEi EHORE

Bt AT I A EPH O RE 2 4T o 72 (Table 1.2.), 7 /43 » KIRH(RYICITE -9, SRS
BRI DRRAIRT U=, TAFNEE ~TRRPMEATMETH D, ST o0 AF v n—LiFE
ERENRTHE LN, —F, YERISESWD 1-F 7 F 4, -7 F ke, 1h) TlEEiRgH(80 °C) % &%
L Ui, TARAROBREL AT 5 HOIEA X ) —LOEIIC L - CTRIESERT L7z (1b, 1g. 1h),
7 x ) =)V EOBBIEIZOWTHRFEITo 72 & 2 A, B REIMEGEEREOWTEFT 5 EIC
BWTHRISPEIT LI, LLAaRs, mWEFEREZ AT 2 1k, SmVWVEKEAET S 177 b—
JVEHEARTITSOGTREE 1 80 °C, 20 mol %D fitiit g2 o 3E L L, 7 AF U RKEGIZ M U A F v U V%
A2 2m I EIRTIHIZ & A ERUSDEITETRIGE Th o 7203 SR % 80 °C, filt#i & % 20 mol %
252 &T, MNETEMNOLAEN SO, I HIZ, £ 05 mmol, 1.5 mmol R 7 —/L Tk
EATolo& 2 A, &% 2-3 mol %ITIKIK L T SR CHINARM I GoNTZ, 7M1 F 7 ==
NEEERT S 20 T, IGRDEHE LIRIE L 2572, 5 CHIBRRE Lo, Ry Ax¥inm
— NV OEEMTEREOEE SN EL TR, AV et Viksd 7 2= VICEBR L2 L CAERY
INREEL LT EZ N5,
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Table 1.2. Synthesis of alkynylmethylidene-benzoxasiloles through rhodium-catalyzed cycloisomerization®.

R! R R3
. / Si\ 5 mol % .
R 7N r2  [Rh(cod),]BF,/BIPHEP R
> =
) CH,Cly, rt oS TN,
R OH 14 h OfSII\R‘] R
RS R
1 2

NN . .
O'SI\ N Ph O’S,'\i-Pr O’S,'\i-Pr
i i-Pr [
i-Pr
2b / 88% 2d / 94% 2e/72% 2f / 92%"
= = =
TN Ph T TN
0-Si~ipr 0-Si~ipr n-Bu 0-Si~ipr tBu
i-Pr i-Pr i-Pr
29 /83% 2c / 89%° 2h / 92%° 2i/ 77%P ¢
F3C Me MeO
= =z = O =
TN TN TN ‘ AN
O—SII\I'_PI. Ph O—Sll\,'_Pr Ph O—SII\I'_F)r Ph O—SII\I'_PI. Ph
i-Pr i-Pr i-Pr i-Pr
2j/72% 2k / 92% 21/ 88%"> 2m / 70%24
Me
= =
0-Si~ipr  SiMes N 0-Si~ph SiMe;
i-Pr O—SII\I'_Pr SIMe3 Ph
i-Pr
2n/ 1% (92%"9 20/81%">¢ 2p / 27%"9
(77%%°) (95%1)

4[Rh(cod),]BF, (0.0050 mmol), BIPHEP (0.0050 mmol), 1 (0.10 mmol), and CH,Cl, (2.0 mL) were used. The
given yields are for isolated products. *The reaction was conducted in (CH,Cl), (2.0 mL) at 80 °C. “MeOH (0.15
mmol) was added. “[Rh(cod),]BF, (0.020 mmol) and BIPHEP (0.020 mmol) were used. °[Rh(cod),]BF, (0.0020
mmol), BIPHEP (0.0020 mmol), 1 m (0.50 mmol), and (CH,CI), (0.5 mL) were used. "[Rh(cod),]BF, (0.0450
mmol), BIPHEP (0.045 mmol), 1n (1.5 mmol), and (CH,CI), (1.0 mL) were used. °The product could not be
isolated in a pure form owing to its instability. The yield was determined by 'H NMR.
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ERE RISEBOESR

FOGHSREIZBE L COMAZ 55 728, RAEFEBRIZ L 251217 - 72(Scheme 1.10.), 7 /L% KimlZ b
INEEETDHId &7/ — )V EIZATFAREEZET S 1j O 11 OIRAEWIZ, v v LBIPHEP fililf %
FOGES®T-E 2 A, 2d, 2 OABELIL, BHIENZZE LI 2b & 2p 3G oo T-, Z Ok
ED, ARISIZBT DB RIGIES FRTET LTS L &2 615 9,

Scheme 1.10.

-Pry_,I-Pr FPr_ -Pr 5 mol %

Si Si
2 X . Me Z X [Rh(cod),]BF ,/BIPHEP
CH,Cly, rt
OH Me OH 14 h
1d 1j

2d/ 75% 2j/90% 2b /0% 2p /0%

Fio. KOSFEEIZ If # v, v P ABIPHEP fillBEAF/E . WAl E LCEA X /—/L % 1.5 4 &8
Z TR EIT o728 2 A, RO B =0T 20%EKFEHELY A F 7172 (Scheme 1.11.),

Scheme 1.11.

. . 5 mol %

3 ] D (20% D

PP TP Rh(cod),]BF /BIPHEP (20% D)
0-Si~ipr

S
= R MeOD (1.5 equiv) -
\ \ CH2C|2, rt

1f 2f / 86%
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5

FEF IR ORI DWW T, BB REEZ AW B R 2 To7z, sHMIEENEIC TRARD A3, Al
IR D FEERAE R & BREREHAIC K D R A OF 72 ROSHERE 2 DL IR 97(Scheme 1.12), ZALE TlIC@E S
TWe, Y=V F iRz ik e T oS, 1,2-7 A Bifiic L5 U v =07 U8
(RDERARIBEN TV, UL, AKETIE ONIOM % W3 B o ks %R, 2@ Y (1>A—B, or
1->CoD=B)DSRREFET H Z E MM b olz, 7 a b AL Ly A v 1Py ARK
JET AR T, B YT AOREFIEMIC LD 7 = ) — VOB ERILIET L, °-7 L=
2o LYy A CBRERT D, X BRI Brook B4 TH 5 1,5-7 A B H#EITTH 2 & T
BYTLTEFY REERD BAER L, RETA BECTEREE D BRIERICL D U A E =0 7 85K B
WERT D, —J5, VA LOBT 7 R AT L2RWEREE CTlid, fERIBE S Tune 1,2-7 1 Fii
MNEIT LU A=Y T U8R ADBERT 5, ST e hAfensEfTTsZ2 & c =07
VBB B NAERLT A, BB ITBE IR TR AT —IC L VAR TH D Z ENHGHHEICL VAL
M ENTz, LI o TRKS T Y = /7 — VOB EFRILEZ LD R (Q1>A—B) TRISHHEITT 2 &
Bz b,

i7" v R iARIZ LY @B A FBFREA TR L T D Blid, 74 ELEOT VI = VEN 7 A F BB
BEL, B2V F UEAD o RE~LIREWEML L, EoAn YA EL S LIy -7 L7y
LD AE2WERT D EEZLND, DFT Ex AVEFEORE. n’-7 L= 7 orsin
VULEIXEL LY b RAX—HICAFITHY | IRCEHENL S AND E2PVERT 5 Z LAVRS
Nize Lo TARIETIEY YA E =Y F UK A 7 B0 13- RBEMRIC LY -7 L= 17 a v
FNBITLE2PERTDEEZLND, FHRMROFEMIF LRI TRAND, £o, ZEFROR
RDr5(Scheme 1.10.), 1,3-RFENLSUNT T TN THETT 5, BB R ARICK VA Z LT 5
ZETHHDT AR AF YT oRUFXRH o m—L 2 WERKT D, B, BEAX ) —/LOIRNE
Bono, 7'a hAIC K DA Z LD BRI B W CTEAKREZENIRV IAE T & & 2 Hiv5(Scheme 1.11)),

TR R RCHEE T 7 F, T FARKEAT S I, L, FREIRB AR LERICE YT A
fill i & OSTRFE NI X D720 1L3-RFEMOETRLT O D, Z O, RISETIZERSE: %
MELLTEEZEZOND, 25OV I NVEERT D Inp TlE, WTFNDF7 A HBIZBWTYH 1,2-7 1 Fix
MPRETTDHEBZONDN, TAXFRED Y ATF VY AR Lo Y v e =1 7 UK
FliX., 7=/ —NVOKEBEIEN 7 A ZDHEEL TV D T2 DIZBRALUS D EIT L2V, 207, BRI
YIFRY B VDBRPER LT EFZZ BILD,
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Scheme 1.12.
_ R Qé[ahl
. N '
\ N %Si/// — O\Si _=Z=R?
o) R'R! RY |‘;{1
c D
[Rh]+,—H+// \\—[RhT
1 1
R! R GUNEN
Si [RhT* : S —H* +
2 N 0, N, «—I[Rh]
/ \RZ - oH R2 - ) =~ _//
O---si—— ~R?
OH R \R1
1 A B

R? = SiMe; \
;
1 1
R.R IR [Rh] [Rh]
_ S'\|¢° _— B
=
SiMes X ~ =OR2

=
-Si. 2 -Si.
o 0 i R R 0 i R
F E-1 E-2
H* | -[Rh]*
= %
0-Si-R! R?
R1
2
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EAHE ARYOER

O XN AR D IS MG it L= (Scheme 1.13.), 7 /b VRKIHZ b U AF L U VEEAT LS
Won, o &AL ) —NVEEEEHR | IREED ) U LEIESEDH I ET, B U AKIZ K Y BIEETRET L
Xooar, s ~EEM LT, RiGTAFy 2518, WA 7TV IR, T =Y URBEHFEBRA TV
FEATHZ LT, BUHOMRFHIBOTERIINL TN 4, 5 BRFZIGETH LN, F—HT
WARTZ LI, RRISTIEREEARII -7 TF ALY F I LERHNDL Z et Z AT AN AERTH5 0
L o7, MISTLEEOERBHEE LB THo THRET VX 4 2RATHZ L TAMRMNATRETH
%, EHIZ 4 %, DMF IEEH 7 bty U A ERISE®DHZ LT, By U kic kv Z@Efe oA
NEIERTAR LT, K7 V% 2812, L3-S A-FHMBRALESIZ L D R DL T ¥ REKIES® S
L NUT Y VERREATD T AEINERTER L, (LA 4, 5. TIEVTRLEEERLEZ Eh
5., ELRLEHMOM EEZRAME LTy Y 7T UBKROEAZRR Lz, fFIXELEORKSIC
TRARDEPR, RV 7T TR 224G T 5 2 & T, BRIICHE LRV a2 R 2 L3
EENTWD Y JZUDICEHED v 7V i S — R 7= ) — L &EA L, D3 THaemi X
HAXVELEEITS L 2 A, FREOINRTRU Y 7T VBKERT DX 772V AF VT
YRV FHY T m—L 8 BAK s, ~F Y U D DA T A O T B ES X SR IS AR AT DS R
MH, 8 OMIEITHEGR SNz, BONIALAEW 4. 5. 7. 8IFWVTHbENAERL, FRlI_v Y 7T =L
AF VT Ry FFHom—L 8L, WIRIHARIRIE S BITBWEDEEZ R L, WTIUZBNTH &V
HEFINEEZR LI, £, WRRETIEFAICEL LEDIZX L, MRRETEREEY 7 b Lizkk
O AR LTz, SEFREICBE T 2 35S s GRR D,
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LA
Scheme 1.13.
T
HO
CsF
DMF, 80 °C N
B —— .
4 (R? = OMe) / 76% |
@ = 0.57 (solution)
5 (R? = CO,Me) / 88% O
@ = 0.48 (solution)
OMe
PdCl,(PPh3), 6/90%
4-R?CgHyl
Et;N
=Y R Me
Benzyl azide N
N K2CO3 7N Cul, Et;N RN
0-Si~ipr  SiMe;  MeOH, rt 0-Si~ipr CH,Cly, rt 0-Sis, py N:
i-Pr i-Pr i-Pr Bn
2n (R' = H) 2r (R'=H)/97% 7/85%
20 (R = Me) 2s (R' = Me) / 85% @ = 0.19 (solutioon)
0.17 (powder)
1) PdCIy(PPhs),
2-iodocresol
EtsN, rt
2) PtCl,
toluene, 80 °C
\
Vo — N
\_~> h‘l/ -(L:I-F—-\f" :
i »
At
1
B 8/54%
ORTEP drawing of 8 @ = 0.84 (solution) solution  powder
with ellipsoids at 30% probability. 0.52 (powder)

All hydrogen atoms are omitted for clarity.
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B FEDH

UL ED X DIZEFIZ, hF Ao a0 ABIPHEP itlEfFE T, TAX= V7 = /) —VEMLZH T 5
XTI A FEE S A VEEICHWD &, I AR I U v e =) 7 oA AR L, e
BN A S8 BT N = VD 13- IRBENL D HETT T 28I A r— RIS % R U 7= (Scheme 1.14.), 7
B A — REOS TR IRV EE CHEIT L, BAFARUCE CH AR S bz,

Scheme 1.14.
R3
R1 R1 5-20 mol % 4
Si [Rh(cod),]BF 4/BIPHEP R
R3 = \Rz MeOH (0 or 1.5 equiv) ./ N ,
CH2CI2, rt R O—Sll\R'] R
R* OH or R
R5 (CH,CI),, 80 °C, 16 h 15 examples
up to 95% yield
_ o _
4
R . 1,3-C-
Rh] N
-HBF, A1 migration
- RS
O---Si———R?
/\
R'R'

silyl vinylidene

TNFR R U NEERT D 2013, Wy UMBIZ K D RIgT L3 2s ~EEWAEETHY . =
NEHEPRRE T2 & THRAREBRBARTHLZEZRAE L, frlo, XUy 77 0B EEAL
TR T TN RAF YT o R AR vm— 8 IR ARIRRE L b ISRV EOE A R T O
B THDHZ L&/ L7 (Scheme 1.15.),

Scheme 1.15.
Me Me
Sonogashira

= i i a coupling
. % . desilylation . % _

O—SII\I'_Pr SIMe3 O—SII\I'_Pr ; ;

i-Pr i-Pr oxycyclization
20 2s 8

54% (2 step)

@ = 0.84 (solution)
= 0.52 (solid)
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E—# #

il

—EIZBWTERIT, A=V T =) — M2 H T IR 7 A RGO A N, h T4
@DyﬁA%W%ﬁ%ﬁﬁéﬁék A FENIZE DV I Ve = Y T UMRD AR, TR = LD

IRFBELNLNHEIT L, TAFZ AV AF VTR Ao — U WERTSHZ L a2b~-, £/,
X%?»%/@%@ﬁm_ DNIFONTER Y T TN AF VT Ry AR vm— g, WRB &
UEARRE L bICEmWENETFIER TR T 2 EOLERHK TH D 2 & & L L7-(Scheme 2.1.),

Scheme 2.1.
Me
N Pd / Pt cat.
0-Si~ipr
i-Pr _ _
Sonogashira oxy-
coupling cyclization

Z OFHIEOE S I &R & ORMBICIR A b 7oL o0y, ZEBEOGRIREE NE L LT,
Z I TERL FREOUEE SR REBRE LG T2 n0, TAF =V T = ) — V% 2OF7 L%t
%ﬁ&4$%594y%%“’%m5*&f I A FRERNT 7»#:»7I/~W®%ﬁﬁﬁ . TG
BIEMEALIZ X DA VBRALDSEGRICHEIT T 2 B A — RGBS EIT L, ARRES 2 G b B E T
DO R e — 2 %%T%é®fiﬁwﬁ&%ﬁbt6mmm2ﬁ

Scheme 2.2.
R. R
Si cationic
©\/ \/© ch cat.
OH HO
‘ ~HBF, ' oxy-
_ZIRAT* 1,3-C-
migration
0---Si—=
VAN ; ) H
R R
HO L B

silyl vinylidene
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A
AT — RROSE, BT TEZEBORISHETT 5 2 LI L ROSTRAZ N L. B4 25D
ZHIRTE 2 FFARICENTZARTETHS Y, EBABMEEIIMLIMINEG L OREFBELRIC L
o FEATEVHLRERR 2. FEAFRA & OERIC L D « ATEIELEEEZ AT ), Zokw, BH—0EB
EIEEERE VT o [ m i AIRITHEFINIEMEAL T 2 2 E R TE UL, @R A — NGO
FHNAETH D, Lautens DL, BT AlEEE AW =T A F= VT = ) —LVOBRIEEMLEZ#HE T 5
iz ) A — REUSZBE Lz Y 1ZUwIc, nY 0 Ao« AEEZFIR Ui o AT X
D7 NF =T = ) = VOBRERMEGIC OV TIHRET 21TV, 2 (i ER SN Y 7T R EINERET
RS D Z L EH BN LT-(Scheme 2.3), 7 /AF U REGIZT U — /LI T L L EL 7 Dk &2 TpE L
EHTHIEICBWTRIEAEIT L, a5V 7T U BIRN AR L-, 2B, Fms ik
WTHIRARZEEHICTAFUERBIC N A Y Fa AT U LS AT 5B T S AT R i
TH, niEAIEIC XD BRAEBMAE I T L, 2-2 U AR T T U LT,

Scheme 2.3.
R 10 mol % [Rh(CO),acac]
Z 11 mol % BINAP mR
toluene/H,0O (15:2) 0
OH 100°C,1h up to 97%

Lautens HIEXSJSIRBECE K ZHAWS &, X757 00 3NITIFIEEEMICEAKZNRVIAEND
Z L EHBMILT-(Scheme 2.4), ZOFERMNS, E=rn Yy AN T T b ARIZE D LA Z kT
D O KERE DS R S Tz,

Scheme 2.4.

oh 5 mol % [Rh(CO),acac] D (93% D) [RA]

5.5 mol % BINAP
Z o N—ph N
toluene/D,0 (15:2) o Ph
]
OH 100°C, 1h 88% (0]

FAREEROF D, Lautens HIXEFRET VT U EBEIENZ CNE{ToT2E 2 A, 7B
kAL S A, BRI REFNBRISPNEITT 5 2 L TRUY T T D INMNT IV FLEND
Z L&A L7z(Scheme 2.5.), 7V F i RImllEk%x 227 ) — Vi T VEEA AT 5 EEIZB W TK
JESHEAT L, mCE D EE IR B OIS EITT 5, L, BARENEEHC L A4 L7 1 k%
HT 2720, WEIZHOE TRINGHERET DL ERH -7,

Scheme 2.5.
EWG 96% (23:1) EWG = CN
ph A (10equiv) FWG EWG 6.6 mol % BINAP
= 3 mol % [Rh(cod)OH, = dioxane/H,0 (20:1), 90 °C
0-6.6 mol % BINAP N—ph N_pp,  85% (>20:1), EWG = CO,Et
OH solvent, temp o o WIthOUt BlNAP

6h DME/H,0 (20:1), 85 °C
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P
S 5T Lautens Hlix, TR UREBICRE M A AT HEEEH NS LT, HFHSRE I
SN EREAIICHEST U, BRI LA MN T Ry FTAEKRT D Z & AP 522 L7z (Scheme 2.6.), LAsL.
REFHMPEITE TR Y 7T B OBRDPERE S NIALEYNERT 5720, Mk 22T S
DT OICSINREDO S LR LB ENRLETH -T2,

Scheme 2.6.
MeOZC X M902C MeOZC
3.5 mol % [Rh(cod)OH], N
=Z
dioxane/H,0 (20:1) A\ AN
90 °C, 6 h g o
OH 66% 9%

F7- Lautens HIIKREFAIE LTT AT ORDOVIZT AF 2 HOTZBRE 1TV, XY 7700
3RO T WA = AL HEITT 5 2 & % B 52 L7=(Scheme 2.7.), SO TlE, TAF L #HNSLZ L
T BAREBBEC X 2RISR SN D, 72, TAFUICEHNMNEOE Y DU 2B AT 5 2 & TE/Z®
RENZT N = A L TALE DR FAR & L TR BN D,

Scheme 2.7.

6 mol% [Rh(cod)OH],
12 mol% TDMPP
LiBr (5.0 equiv)

dioxane/H,0O (10:1)
90°C, 1h

80% (1:0.1:0.2)

Lautens STk D X 9 7o B 2 4298 L TV 5 (Scheme 2.8.), 1Y A0 nfEETEMLIC L v | Bk
BMEEDRHEITT 5 2 L TRUY T T UEPIER S L, 78 B AR E DA Z VAL TS5 2L T
— BN T T URER T B, — . BTRRT A UAHE T CIERE TSI L 0 3o T L
FMEREITL, ZF oAU DUFEEFTIRE Y Do Ra oy ML L, EIZ IR T L =L
ERHEITT 5 2 & T, FRNEN BN Y 75 BT 5,
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Scheme 2.8.

R2
. [Rh] —
V‘ H*
N_r R N—r
7.
; 52 o O
{ Rh OH Rt PV
R
of
\ cC
> R? OH
h

. WFAUME DT AEEKAREE, T U LD C-H A OIEMAL N X B T X AT N DR
PEALD, TAFE RO C-HEATEMLICE D FaT ik, nfaiE e L2327 7- 2548
HEAL Y, Lo TRk RS T S E A EN ML TH 5, EEOFBT AR TILINE TIC,
NFFoMEa D7 LGB A V-, 16-m A CORMALZ RS LT H N R — NRn % 2 BlERE
LTHEY ., 2009 FEOHRETIL, BESLUETIZIT L=AT AT FBRERT HOICK L, SRS ETIEY
TR D 2 L 2B BT L, (Scheme 2.9.)7,

Scheme 2.9.
R2
R Me 1)5mol% R2 1) 5 mol % &
R2 [Rh(cod),]BF 4/dppf R® — R [Rh(cod),]BF 4/dppf RITX, R
—/ g (CH,Cly), 80 °C 07 — CH,Cl,, rt—40 °C \I
RS CHO R?, R? £H \_( 2) NaBH,, MeOH HO Rﬁ"e
4
up to 82% R up to 81%
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fiofin —a hrn

o

SOCHERE I X LU O X 5 I HEE &35 (Scheme 2.10.), RS TIL, 7 VU /WAL C-H FES OIEMEALIC L 5
TN DEMALE T O VN S AP AERINEITL O, T LA T AT RRERT S, 2Ok
BMEIARLZERTZD, KFEFATHEF M) TACE VB LTLZ LTI a—L e LTHEESRS, &
BEMFTIR. 7T E RO C-HATEMLICE D e Fa 7 S /U T L Ta Z4 4 2 v &R L ™,
e IR NVHDERAL E v Uy AOETHIPBEC L U= — BN ERT 5, 2O XD ITKSRED
FEEIZL O WA — RROGOEITHRHIE S 415,

Scheme 2.10.

2
R3R 1 R 1 L
i — R [Rny i =R R __R! R __R!
o " .0 H o - .
\—-{ — H Me H,[Rh]m?g'\/Ie
R
0

R4 R4 R4 4
R3
\ R"  Me
— » [Rn] Me — O — R3 _ _ R4
R [Rh] 'V'e [Rh] —[Rh] R} CHO

2012 FEDOAETIZ, 1,6-m A VU EAERFRE L, AF L UEAICHTCT L T ¢ VEE A A LT
HEZHWDLZ LT, SN EDICHEBHNICEITL, P a7 2L bF 7% LU FE RN R
IfF B D 2 & AW L7 (Scheme 2.11.),

Scheme 2.11.
10 mol % Me
10 mol % R? Me R!
Me CHO mol % R3 o, [Rh(cod),]BF4 R
R [Rh(cod),]BF 4 7L—::—R (R)-xyl-BINAP )
‘O (rac)-BINAP G or (R-BINAP Rz _ R .
R — 2
RY N RZ=H © R?2=R%zH oH R
Me R® = CH,R* HO
up to 60% up to 51%
up to 76% up to 90% ee upto 71% ee
(40-80 °C, then NaBH,) (80 °C)

ﬁﬁ%%@ﬂ?®i5ﬂﬁﬁéﬂéo%ﬁ@ﬁZ7HFﬁm&ﬁ%K\TUWﬁOHFA®ﬁEM’
K0T BnBHE L, a0V T T A BRI EITT D, RIS, R=H OIE TIET Lok
o VKR YA 7 VEBR L, BAKBIRBENETT 52 L CE=VER Y E R F 7% LU R
T5, £ REHOEE TR, b FuT7 i Ubic kv e 94 7 V&2 L W, RIESETIEH LR
ZNADELE e Yy AOBRTHBBHC LY e Ka )l T X LT uTe RBPAERKRT 5, AR LTET VT
b REKREMARTHEFT NI AL > TGETT D2 ETT AT URRAERT D, @IRSEG T ik, &
SICHNAR=NT U RS PR EITS 5 2 8 TF 7 % L U BEEN AR 5 (Scheme 2.12), Z D X 912,
BOGIE O e LB ICEREZEANT D 2 LT, SOIEBMICKEZETIE L Z ERAEEE 725,
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Scheme 2.12.
R2
R2 3*% 1 Me CHO
RY — Rt [RAp R H R R! R1Me cHo
T e — L0 00
O R X
R4
/ [Rh] Me
R2 Me
1
R\ R , R" Me R O
R — 2
[Rh] Me . R~
R*y--[Rh]* R?2 o
© oc ==
| H—[Rh]
Me l
] Me Me
T ) :
=
. o o
= 2
Me . RhT* Me%jl | R2 =M R
S TR Rep--0 “Ye e
HO CHO

LLEX Y A — RESIE, w87 ERRGH 2 6E L2 RS RE IS, SRR LEE 2 3 2 il &
JIEEEDHZETH#ITL, USEE TS 2 2 Loz, BiEn e RS ClEREE 2 B H RSSO & AT HE
ETOENTEARTETH D, YRR TIE, DF Ao Yy LRI X 25 o fEAIETL 28X
IS ET N A — R EWE L TWD Z b 7 A BIRFITEALITHEE 7 L% 0 O o i ETEMEIC
£ B4 % VB2 EEICHETT S D R O SERRFHIR S R b0 LB bLD,

ARETIIRERROFEMIC OV TS,
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EET RHEK

IXUDIZEEIL, T2V T = ) — VLR 2 DB T D37 r A REE S A L OERERF LT
(Scheme 2.13.), THP RS NT=T A F =T = ) =W n-TF V) F U LERIGSE, VA4 Y T
noruny I ERISEIEHT LT, THPIRESNT T A BRE VA L 25T, DB TAZ ) —)L
Wi PPTS 26 SE5 2 L TTHP 2R L, B E T DR r A BEMET A > 9a & 79%IX
RBTHETZ,

Scheme 2.13.
i-Pr ,i-Pr
1) n-BuLi (2.1 equiv) Si
= 2) (i-Pr),SiCl, (1.0 equiv) Z XX
Et,O, 0°C to rt
OTHP overnight OTHP THPO
(2.1 eq)
i-Pr_  ,i-Pr
Si
20 mol % PPTS Z
MeOH, rt
overnight OH HO
9a

79% yield (2 steps)

EROABRILN-T TN T T LEMND 20, HAR=A KT B EEOGHICIIRETH 5,
=2 TR, BECARD G SNTV G, YTFEAVA Y FUELYT L EANEARICONT
BatZ1T - 72(Scheme 2.14.), 1ZL®IC, 3-F— K-4-E Fux 7 7=/ %, PPTS &G E®T
THP (R L, ~F ¥ THM L TRERZGT, BoNR#ERL P=F=rof YTyt
DEEEA > 7V o 712 &> T THP RiERZ AR L. S HIZ PPTS Z UG ST THP 2 lifri#E+ 25 Z &
T, HEORFRYA v % QIR T,

Scheme 2.14.
(i'Pr)zsi_E>2 (1.0 equiv)
20 mol % PPTS 2.5 mol % PdCly(PPh3),
A°\©i' DHP (4.0 equiv) AC\@? 7.5 mol % Cul
OH neat, rt OTHP Et3N., rt
(2.0 equiv) overnight

i-Pr\S I-Pr i-Pr\S LI-Pr

i [

40 mol % PPTS
Ac\©\/ \/©/Ac ° AC\@K \/©/Ac
MeOH, rt

OTHP THPO overnight OH  HO

1f

9%

PLEXVEFRIT -7V ) F o szHn=a0E i, V2F=arvA 7y o w A
WA v 7Y I KB ERRIEIC LD BIAVERE Y - 2T A REE AR LT,
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F=H RICEHDRE

EAL PIHIRET & LTRHIRY A > 9a 2 SOGSEBEICA WV, BAL- & LT BINAP, filii & 20 mol %,
FOSIRE 60 °C THESZIT > 72, MEORR, AL T2 Y T TN A F I FoRy 4 %9 n
— /LAHE(R Ob 78 45%IN R T B D 2 & & R L7=(Scheme 2.15.), & Z C., WFEom L% B LG
KD E BR DRI EAT T2,

Scheme 2.15.
i-Pr i-Pr
Si 20 mol %
R [Rh(cod),]BF //BINAP
(CH4Cl),, 60 °C
OH HO 17 h
9a

KR A v 9a BT NVIE & U CREEFOMRET 21T o 7= (Table 2.1.), Z2IBARKETiE, KHFIZ X
STV IaF I BT VRNV ERRE LT e YT AR A2 W CTRET 2T 72, 1T L
(Zfil i 5 20 mol %. BINAP A EN7FIZ VY, FUSIREE 60 °C T AIT 72 & 2 A, WA — RRJRA
HITL, BROXR Y 7T 2V AF VTR FR 4 vn— V8RR E oz, LorLl, FFEDR
LRI N S BITAER L, WERITHRE L eotz(entry 1), TAX =N AT U T Ry F v
m—/VHEEOEK (F—8) IZBWT, EFE8EREEARAWERIER TR, EMEORIIAIC L -
TRIGAMEE ST 2 & BRI OME 21T - 72 D WAl & LT THR, A 5 ) — A& AT & 25,
THF [ 3UXERDS %I | L 52%, A & 7 —/LCld 15%m) L 60%IX T HBERM G BT Z Lonb A
X ) —)VERIERIINAIE Liz(entry 2-3), S 51T, A X/ —/VOIFMEZKE L, 05, 0.1 4&ETHH
SLIZE A AKX ) — % 0.1 YEMZTZRIZEBW T B 7T4%I0ER T H B4R 35 S 7= (entry
4), F7-., A2 KBTI S D &, ST E o 72 < ETEFEEHRIR & 72 > 7= (entry 5), D&
(2, Flix B ARRAT ¢ VBT Z O THRET 217 - 7245 S (entry 7-10), BINAP & Segphos (28Tl b
EIER T H AR S B L= (entry 6-7), TV X =L AF U F o _uy F 4 m—LOaR & Rk
2. TIOVXIVRENL -T2 dppe TIHENREF LK T L, 7=/ — ViR 11a AR & LT
57 (entry 10), = 512, filifiE 4 10 mol %I/ L7= & 2 A, BINAP TIXS23 5885 L, Al &)
20 mol %D % & FIFEEE D 73%UNHE T H AR 235 H L7z (entry 11), —F . Segphos & F\ 72 % Tl
JERGEREET, T ) — VBN Lla N EARD E L TR LR, RISIREZ 60 °C 225 =R I
LA, WEIZTRTHE SRS, BAEBRPOIERITIREKT L, 7=/ —iFEk lla B FE4E
B & LT B a7z (entry 13),
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Table 2.1. Optimization of reaction conditions®.

10-20 mol %

e [Rh(cod),]BF J/ligand
| Ccod), 4/ligan
Z XX additive (0.1-1.5 equiv) 10a
(CH,CI),, 60 °C +
OH HO 17 h
9a
entry ligand catalyst additive yield
(mol%) (equiv) (%)P
10a 11a
1 BINAP 20 - 45 -
2 BINAP 20 THF (1.5) 52 -
3 BINAP 20 MeOH (1.5) 60 -
4 BINAP 20 MeOH (0.5) 72 -
5 BINAP 20 MeOH (0.1) 74 -
6° BINAP/cod 20 MeOH (0.1) 0 0
7 Segphos 20 MeOH (0.1) 74 O
8 Hg-BINAP 20 MeOH (0.1) 52 13
9 BIPHEP 20 MeOH (0.1) 72 -
109  dppe 20 MeOH (0.1) 7 36
1 BINAP 10 MeOH (0.1) 73 -
12 Segphos 10 MeOH (0.1) 19 40
13°  BINAP 20 MeOH (0.1) 9 63

4[Rh(cod),]BF, (0.010-0.020 mmol), ligand (0.010-0.020 mmol), 9a (0.10 mmol), additive (0.010-0.15 mmol),
and (CH,Cl), (1.0 mL) were used. Active catalysts are prepared through hydrogenation (1 atm, rt). ®Isolated yield.
“Catalysts were used without hydrogenation. “[Rh(nbd),]BF, was used instead of [Rh(cod),]BF. *At rt.

O PPh,
PPh, [
! PPh,  PPh,

O
ool

BINAP

G2
I

Segphos

Figure 2.1. Structures of bisphosphine ligands.

PPh,
PPh,

46

Hg-BINAP

PPh,
PPh,

BIPHEP

dppe



SEmuEi EHORE

ol G IV T BB RGP O MEt 217 - 72 (Table 2.2.), B FHINLIREYIZ B 7R 2Kk 2 7R E L)
AN, NTNATEA S NTCMR SV E B W TRISHIETT LTz, BT 8E Th 5 10a-b, 8, 10g TILE
TG (106, DI TERNETHWAERD NG ON, —FH, BRVERLETH DL -7 FLIEE
H4 5 10c Ti, it E 20 mol %, FUSIREEIX 80°C # ME & Lz, EFRICEE W 2-F 7 h—/LkE R
TH 59 &9 TlE, 1-=F =)L-2-F7 b —/VaFEk 9 [IUS A EITE T 3-=F =/1-2-77 b —/L 9h
TIE, AR S B OERY 10h 2345 & L7z 23 & 20 mol %, SOGIREE X 80°C # B L L7z,

Table 2.2.  Synthesis of benzofuranylmethylidene-benzoxasiloles through rhodium-catalyzed

cycloisomerization®.

-Pry_,i-Pr 10 mol %

R’ Si R R3
2 27 =2 [Rh(cod),]BF /BINAP
MeOQOH (0.1 equiv)
3 o "o 3 (CH,CI),, 60 °C
R4 R*
9

10h / 26%P:¢ 10i / 0%

®[Rh(cod),]BF, (0.010 mmol), BINAP (0.010 mmol), 9 (0.10 mmol), MeOH (0.010 mmol), and (CH,CI), (1.0
mL) were used. Active catalysts were prepared through hydrogenation (1 atm, rt). °[Rh(cod),]BF4 (0.020 mmol)

and BINAP (0.020 mmol) were used. ‘At 80 °C for 16 h.
a7



fiofin —a hrn

H7—

{fb&% 10a, 10c, 10d i%, ~FH RN O 153 5 Av 7 Bk 2 A CHURE S XERE S AR 217\ i
Z RS Lo, M & LTI 3 (Figure 2.2.),

Figure 2.2. ORTEP drawings of crystallographically nonequivallent molecules of 10a (a) and
ORTEP drawings of 10c (b) and 10d (c) with ellipsoids at 30% probability. All
hydrogen and disordered atoms are omitted for clarity.
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ERE RISEBOESR

FRIFZEARIC & B Ak D254 A 8L L 7= (Scheme 2.16.), fi@scft . BUGHEEE 9a & AV, B FER-
Z 1, 3R CENEN AR A BB L 7o, ROSBR%A 1 RER CIROBHI T N THE S TWiens, 7
=/ —/)VEER 1la N AR E LTELN, 101X 13% TH -7, KGBIE 3 HRT7 = / — /il
& 11a 1330 LT 24%, 10a 7% 52%F CTHEMN L =AW & LT b, KIGBMG 17 RefEltkic 7 = /
—VHEIR Lla 3B 2ICHAR L, 2a B@ECECH LN, ZO/RENS, 7=/ —/LiFE (K 11a 28 10a

DOFEETHD LHFZEADBND,

Scheme 2.16.

iPr. iPr 10 mol %
si [Rh(cod),]BF /BINAP o
Z MeOH (0.1 equiv)
(CHxCI),, 60 °C
OH HO time
9a

time 10a / yield 11a / yield

(h) (%) (%)
1 13 65
3 52 24
7 74 0

WIZ, BUSIHEIZ 9a # v, IR E LTEA Y/ — & 15 Y@z TRt & To7z 2 A, B=
JALIZ 15%, X277 2O 30T 16%, FAKFEAHEY IA F 7= (Scheme 2.17.),

Scheme 2.17.
i-Pr i-Pr 10 mol %
Si [Rh(cod),]BF4/BINAP
©\/ \/© CH,OD (1.5 equiv)
(CH,Cl),, 60 °C
OH HO Zeh
9a 10a / 64%

D, : (15% D)
Dy, : (16% D)
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fiofin —a hrn

H7—

FOSHE 10d 2 W B WL BlAERm & LTz A=) TRy %y — 12d 234
3% Z L& RLH L 7= (Scheme 2.18.), {L&#) 12d DFEEIL, ~F P U ARE B LN BAESEIZ DN T

B X SIS 217 5 2 & TR LTz, MO B2 AT 2LAWIE. thoEE %2 V= RicB
THIFEDNHERSINTN, PETHIL-OHEEHIZIZES o T,

Scheme 2.18.

IPI'\ ,/Pr 10 mol %

[Rh(cod),]BF4/BINAP
MeOH (0.1 equiv) _
(CH,CI),, 60 °C
17 h

10d / 78% 12d /6% ORTEP drav;ing of 12d
with ellipsoids at 30% probability.
all hydrogen atoms are omitted for clarity.

INDOFERIND SISHEAEITLL T O X 5 ITHEE S 415 (Scheme 2.19.), FH—ETHR_7= L 51T, K
Bt Tld ONIOM 5% W GHE DOFER, 1,2-7 A B ET T 2% (O—A—-B) LV & =R /¥ —H)
ICHERZ B Ch D, 7 = ) — VO AEEBLE D EBO->CoD—B)Zfkhm L Tk E b UL
U= U LA AR D, £72. DFT hx AW 3B ORISR, 13-REBGMIGICEY -7 L=
TasNNFLB YT LNEBERT D, FHRREROTEMIZE N EIC TR D,

W-T Lo T as L r U A E NSiE, 7 a bkt k0 = VPR G-Z, G-E. R
VHEMAH-Z, HEDERT LB bND, ARUSTIER Y 772V AF U TFo_ey Fx¥m
—L 10 NEAEFRH E L THELND, £72. 7=/ — V5K 11 205 10 ~OEBRMBFHEND TN D
= &b (Scheme 2.15), -7 L= M ZT R LEL B DY AE DT R R AKICE D, T2 A VIR G-Z
ZRRHT OREN FERRISRETE LB bILD, —FH, AIERI THL 7 e A=V ATF Y TR0y
FxYra—n121%, YR G-Z D DITAER LRV, R U =R H-Z 2251010 & 12
O FPAERLAGSH Z b, b= FRR H-Z 280 LI JOSRE I ET 5 B 12 bb, EE
IZ ONIOM &2 AW THIED = VX —2RDIZEZAH, = A VHRIKG-Z, G-ElEL Y = HifH
KH-Z, H-E LV {4 =R VX —MICEARITHDL Z ENHL N E -T2, £720 MY ZUHRKH-Z 6
DA FVELICOWTEBREOZRNVX—ZFRH L 2 A, 10 10 b 12 DERT D RIS &
)RR —WCERITHD 2 EBRB BN E ot PEE D ARIETHE, 0°-7 L= T aS s
DY AEDOTa AR E D A VR G-Z MR L, A UERIBIZE Y 10 AR T DR
FHERRISRETE EEZ BN D, —H M) =R H-Z D EAER L, A% BRIIC XD 12 23R
T5, HETHLRANI L I F A oMn D0 2EAMBLIE, 7 U LD C-H RSB OFEM N LB T
IV D BN WANERCHNTHEITT D 2 L 2D G-E, H-E 225 b B L W 2R EH G-Z, H-Z %1%
ML T10, 12K TDEBEZHNLD,
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P
Scheme 2.19.
_ [Rh] < — [Rh]
. }\/ l/
N N O™ "
cn/ N, 5.\
o i-Pri-Pr HPr ey
D
[Rh]", - .
R = phenol ~[Rh]
-Pr_ i-P
P RIS, "y .
[Rh] N _=IRn]
R P !
OH Qi ———
@\/ \/@ — 0 /SI\ R
i-Pri-Pr
A B
[th]
N—
S
O-Si~ipr
i-Pr
E
H+
R = phenol
5 O Ry P
\
_IRhT* 2
NF [Rh] - |
0-Si~ipr 0-Si~ipr
i-Pr i-Pr
12 H-Z
HO
= H
- RhT <
0-Si~ipr
i-Pr
H-E

51



BARE FED

BT, B A FRE A CEANER Y T TN AT TR AR v — DA
FRAZ DUV Tk~ 7=(Scheme 2.20.), 7 F A4 M 27 ABINAP il lEfFAE T, 2 SO T AF =17 = ) —/L
LA T D FRIR A BYE DA U HAFUSEEICHWS & A FHEMIC L0 ) L= F Uk
PR L, EREINC T A B LEOT VX =T = ) —VEEA L3-RFBENL L, S BICAF VBALDEST
TOH A — RS ZE R U, B 27— REOGITE A S 2 G b
HBR A R RETH D, Flo, BEWEEICBWTRISAEIT L, BAFRINE T HBERD N

12y (it

Scheme 2.20.

R2

R4

Si R

~HBF,

silyl vinylidene

R2

10-20 mol %
[Rh(cod),]BF4+/BINAP
MeOH (0.1 equiv)

(CH,CI),, 60 or 80 °C

16-17 h

1,3-C-
migration

H+
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|

E—# #

il

TEIZBWTERIL, 2 00T AR =N T o ) — VN ER T O A BRGEOA NS, T
ﬁwﬁmyﬁAﬁwﬁﬁ%ﬁméﬁé&uhﬁ%ﬁﬁ@%mmﬁ%ﬁ#V%Mﬂ@m%:Eﬁﬁé_&
T, AR T TN AF VTR FF Yo — VB R TE 5 2 L 2k, iy
ANIT AR EZR T AFVEEZHT D Cy R CThH o2 Enb, DEICEFIL, AWVICE
BT NFXNIEEZHEANLT Cs I IEEEZ WD Z & T, REFEMFHEIE~D RN AR L 720 |
RIS o A DS SE UG BB T & 2 O Tidav v & 548 L 7= (Scheme 3.1.),

Scheme 3.1.

Previous work

A A
gz Sl N
©\/ \/@ Rh cat.
_—
OH HO
This work
©\/ \/@ Rh cat.
enant:otoplc groups- - stereogenic silicon cener

RERFHODAELELUSIE, 7 X TN RHFE B SO T o F A MBI Z ST 2 &0 5 FIEREK
SLMESNTE, RELFAKTH DY A RiL, REFMECRF R LOBERTETH S 720, Ak
DFHEICL Y F T MEAMDARB L BEX b D, L Ly A R_EHE 2 BT LI R RER
7o, IRFERRBRTFECLDARAFARIRNETH L, Z DD, FINVT A R FOEKITITLER
sp’ & A FOy T2 BUSBEITAH 2 & 73T & B ARFHRFHMEIEA L 5% (Scheme 3.2)",

Scheme 3.2.

C-stereogenic compounds Si-stereogenic compounds

1
Nu R' R

- O R2 : Y Rz/ I‘ll/)(_Y

- ’g_\ Nu /,,f . (I)I $1 /,/ X
= 2 enantiomers Si - _Si-, ’ enantiomers
R 1 / \ 2 X
\\\ : R1 R2 R \X \\ 1
R ! . R

K/Nu * O_,k“\\R1 ' unstable prochiral source * .
>\R2 ; Sk

prochiral source Nu R2
X-Y

56



FEe

ARFFIERFMNT K 2 IR FE 7 A RSOOSR SI2 K - THID THA S 4172 (Scheme

3.3)2, EROIT, v YU AMlEEZ ANV R T 008 FAE Rr Y AERIRICE Y | @SR

DETF T AR AT A BT LEATHAE RS T A2 LT-, EROOMETIT, BN

—HOHRTHY | WKIESM 2T 572 CUEORMNE S TR, SR 7 55 7 1 g

SG OSBRI 22l & 720 | LAME, Bz e B BIEN IS S Y, JIETIER, ¥ T A FEETe o it
IEEMDOERPHE SN, TOX T T 4 INAFFEIZOVWTHER S TNWS,

Scheme 3.3.
Me
Me, 5§ !
’ S 41.9-2.0 mol % [RhCI(1,5-hexadiene)], (’X\J ' SiO H
H.q#~/ _4.2-43mol % (R.R)-TBDM-SILOP Si : PPh,
. ! PPh
7 H CH,Cly, —20 °C /B Sio 2
S 3h S “ ' H
Me '  Si=tBuMe,Si
Me 83% (98:2:trace) !
99% ee

IR, % T n AL S DG RS AZAT o, PR % (Circular Dichroism:CD) A~ /L &
34 1 %% Y (Circulary Polarized Luminescence:CPL) A7 hVDHRIEIZ XL Y . 1 77 ¢ I /VERED M
ENTWD Y, RE L3, AR E AR E WIS BB, £ ARG & A PREICR L
TRHEDENE L LHBIRTH D, MREAFL & 3R E D RS, MR & A TR O i
DENBZLRDHENTHD, DEAMELZAT LLEIEHECEW TH LD~V UL, 7z CPL Rk
R E LTHLIL, YHIREEICENTHERA U B UFERO G EZRE LTS, FHTHH
R L VWME SN, A TFA UM DT Ml 2 e =) o F AR~V ' UFHERO AR TIL
BONL[TINY £ FHEARO CPL #E & RT gum 2% 3.0X10°~32X10% &R L, &) THBLAY
& U CIEhid TR MERE A R 2 & A B 5252 L 7= (Scheme 3.4.)%,

Scheme 3.4.

cationic
Rh cat.

derivatization

Lo | (O
= 91% ee, @ = 0.320-0.296

/
\ O R3 O Gum = 3.0-3.2 x 10-2
. n-Bu
O R®=H, or
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AU ATENTZ CPL Rt A R0 CTh 203 UGS EE OGRS ZEBEDOBRAT v T &8T5 2
SNz, BOG E R D RERISICB O TENRTERME G5 Z ENNMETH D, £/-, BEAL it
BeEiEZ oL EMIE, —MRICEFIEEMET T 2BMICH V. CPL FME & FENTRE DML EE LU &
SND, =, GBI AF o WEAEME, FAFEOBEANT LV EATZELEFIEL R L, LUMO =X
WE—BREME T T 5 & 0o R RS Y, Zokn, RFETAFhLeaT 5 o 81k
BEMOERIZ LY, CPL Rk & FEILIREE DS N T~ 2 A 7oA BE MR B O BRFE S FIBRIC 72 2 & WifF S 4,
ZOEIBRBEND, REFETAFHLEART D o BBV OGP EFED TV 5D, BLTIZ
AFIERIFMbIEZ W2, MRS 72 & 7 A B n AL B O G R 2=~

BRI, 0y MUEE NS A5 DY A 2 ENET L% L DR+ 2+ 2 INBHER G &
TRV v — L OE A B L7 (Scheme 3.5, fEAVEE CRISAEBINTEHY . mﬂlﬁfm
TF U FARINWETH T A BB WNERT 5.,

Scheme 3.5.

Ar

10 mol % [{RhCI(CoHy)o}o] | Me
4 '
R2 /Ar R 5 mol % ligand tBu, / E OO

'Si | 10 mol % NaBAr", . OMe
\ R :
" s CH,Cl,, 25 °C PPh,
r R
A 13h l;';

up to 99% yied
up to 96% ee

G A BTV A NTBNT S D FT CR+2+2MBMEEUS A HEAT L, @ISR - @ v F AR
T2 ODXTINTARERTHI7X—TULEMNAEKRT D, i bix, BFonlz7 X —SEaMmo
CD/CPL JIFE & T o7& Z A, CD JIE TR R E 722y b RN ELRICE 7223, CPL JIE Tl
B BRIV ME L 2MBLR S e v o 72, (Scheme 3.6.),

Scheme 3.6.

t-Bu, / (4.0 equiv)

Si 7.5 mol % [{RhCI(CyH4)0}5]
- 2M4)212
\ xPh 5 mol % ligand
si [ 30 mol % NaBAr",
/ t h

CH,Cl,, 40 °C
46 h

81% yield (chiral/meso = 83:17)
94% ee (chiral)
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FELIE, BT AHFTA L= MU EDRL2+2MERALISIZ DN T HIRFTEZ TV, &7 A FBEEET
U — B DUNENERTERT S & 2 L7 (Scheme 3.7.)%,

Scheme 3.7.

2.5 mol % [RhCl(CzH4)2]2 |

5 mol % BINAP |

10 mol % NaBAr", :
: PPh,
5 ! ! PPh,

R? Si ]
\g\ 1 =—EWG (1.2 equiv) R2
SN R CH,Cl,, 40 °C
SOITHALIE P TARBERTTDHT 874 = U v EDR2+2 RIS LD, T

Me 17 h
/Wi,cx YT OERIZOWT b REHIA1T - 72(Scheme 3.8.), —E(PE H OBRALESIZB W THILA A
ICAEHFLRNFHEIND 720, B OBRLIIS TIEBEGRAE BN A U, SUSH5ER L
ZEDBWIHIRFI T D E ol ZOD, REFMBEC LD IS SIT T, T I Of A S S
52 ETCRINETEM L, MRS o FARRMETAE R T URERT 52 2B 6T LT,
BoN-AE R YT 0%, Ar=4-MeOCgH, Dt O Tl AL FIERITIK VW 2Y . CPL R % 779 guum 1
13 29X10° 2R L, B FHLAEWE LTI EFICEWEELTTZ L 2H LML,

up to 90%

Scheme 3.8.
A) 2.5 mol % [RhCI(C,H,)sls
Me 5 mol % ligand Me COEt
/@K 10 mol % NaBAr*, a ! Pr
Ar CH,Cl,, 25 °C R N ; OO
R / N=—CO,Et (2.4 equiv) e A : OMe
Si Si_ Ar Ar ,

//</ p

AN B) 2.5 mol % [RhCIC,Ha)ol, R =\ ; PPh,
Ar 5 mol % (rac)-ligand N/ : O

10 mol % NaBAr",

CO,Et !
Me CH,Cl,, 40 °C Me 250
up to 95%
up to 90% ee
Me  co,Et
7\
N

-, 90% ee (Ar = 4-MeOCgHy,)
i A
Si__Ar A @ = 0.02

Oum = 2.9 x 1073
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FTHLURE LU R EDERGEREAMIT. TV OB L) B TICRAKEICH BT 5 2
ERHESNTOD D, FEROIZINETIC, NIPTAMEEZ VY Fuy S ba—R7 U —
NDTF U FARRED v 7V TRIGICE B RFE Fuv T v OBRERE LT\, 22 ThR
HliE, FRED=F U F AR » 7 ) U IV RUSIC L0 . SBREEFELEM~D ) F A RIRE /s
VIS A & 4 L 7= (Scheme 3.9.)%, BRAWVIEEIC W TSR STV A2, MEIE) >
FERHE OG22 Z L, IR « ©F 0 F @R & b ICHERAAE SO &V ) BER R ST,

Scheme 3.9.
2.5 mol % Pdj(dba); i
OMe 7.5 mol % ligand |
% | T_<::> EtsN (3 equiv) OMe
+ Me—Si Si., '
b THF, -40 to —20 °C \'Me !
2-3d ©/ H 5

up to 73%
up to 99% ee

FROIE, Gonibamo s b, T 721y BLUIIRETrAFE 2 1o, £RIF2o8ALED
DIV TR ZWE Uiz, #OEE RTINS ELS, PV IAT U R 7803 97T%E W9 FE

HICEME A R L2, CPL AREZ R T gum fEIE. 1.0X102ITIAVVEL B &1, BS FAEAamE L
TIHIEFITEmWMEZ R 2 & 2B 522 L7=(Figure 3.1.),

Me‘ H Si
MeO H$! Me .
Me MeO "
MeO
MeO
50% 82% ee 35% >99% ee (dr: 74/26) 50% 62% ee 11% 90% ee (dr: 70/30)
@ = 0.55 @ =0.97

@ =0.55
Oum = -1.6 x 1073

Figure 3.1. Structures of silylated anthracenes and pyrenes.

@ = 0.45
Jium = +8.5 x 107 )

Oum = +8.0 x 1073

Oum = -1.4 x 1073
A VRO L > THRE SNTIEARFT A BILEWT, B TEOEHEAEME L TIEW gun EHZ

R, RETAFBAEWN CPL R Z BT 50+ LTERARBEME R 59D L 2R LT,
PLED7E 5

FVEZH T, MOVELERTRY TFToANAF I F R F XY a— Oy (3

(2. AEPLEFHES D Z & T, B CPLEEZ BT 2(LEWE B TE 5 & BEARFRIG~D
P& fRit L7z,

ARETIIMAHEROFEZ OV TR~ 5,

60



3
|

FTE RIGEH DR

ELOIZ, TAF= VT = ) —)VEKZE2OF L, 7AFLIZATF NV 7 FAEEFT 2 Cs xiFr
IR A FHKEY A 18a I F A o MEm 27 ABINAP il G S & 24, HIIDOARF 7 A #1k
B BAFRINER, FREE O U FARIRETH LD Z &M H 5 & 72 - 7= (Scheme 3.10.), & Z T,
13a Z W CTRUS SR ORELEZITO 2 & & LT,

Scheme 3.10.
Me_ _t-Bu 20 mol %
= Si N [Rh(cod),]BF ,/BINAP
©\/ \/© CH,Cl,, rt
OH HO 28 h
13a 14a

70%, 65% ee

X UDIC FRY A > 13a BT T NVHE & U TR S O Rt 24T - 7o (Table 3.1.), 72 B84SR Tl
KFEICE ATy uA s Z VT ERE LI a D0 AERMIEE O CRET 21T o 72, 13 T oo fill
# 20 mol %, =RICTHix EARZAT 4 VRN FERET LT 2A, WTHICEBWTHET D A7
— RIEDET L, BRIET 754 R EICARFHLAFEINIER Y T TNV AF TR F %
B om— LR L7z (entry 1-5), BUAZF-12(S)-BINAP & 72 R TS 2MFIETEHRE L, 70%UHE, 65%
ee T lda AR L7z(entry 1), —J7. ZOMOEN TSN THT, BE T2 14a iz, #
MR L E 2 55 16a AL L7z (entry 2-5), £ 7=, BINAP LIAA DWW OBLFIZHB W T 14a & 15a
THRRDTF U F AL R L2 E0vD, 15a 05 14a ~DO BRI BT, BEFRAEE
WELTWDHEBZLND, 72, lda, 15a DIE/=F T ARIEEZNENE LEDEZEZ A,
TF U FABRRMETOTILD BINAP L0 KT L7, LEORR LI Y, =i T Tl 15a OIHEICERE
WEETLZ LD, KISREZ 60°C 12 L CHERMNEIT- T,

SORREEZ 60 °C 12 L CRix B AR AT ¢ VEUL T2 #RGT L7z & 2 A(entry 6-10), W T HVOEML 1%
W56 6 BORATER L 14a QUL B LTz, =7 F A% RMIT Segphos Z AW 7255 12k b @
< 64% ee T - 7223, BINAP [ il & 10 mol % CULE/=F o F AP L HICRFRETH LN Z
&M D BINAP Z il & Lz, 723, RRIGHRIZEBWTIZA X/ — /L OIRINT L > TILHEIT 1%[0)]
U7, = F o F A EIRMEIL 3%IE T L7 (entry 11),
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Table 3.1. Optimization of reaction conditions®.

Me t-Bu

s 10-20 mol % t-Bu
Z X [Rh(cod),]BF ,/ligand 14a
solvent, temp *
OH HO time
13a
t-Bu HO
15a
entry time/temp cat. ligand 14ab 15aP overall
(h/°C)  (mol %) (14a + 15a)
yield / ee (%) yield/ee (%) yield/ee (%)
1 28 / rt 20 (S)-BINAP 70 /65 (=) 4< 70 /65 (=)
2 28 / 1t 20 (S)-Segphos 19/70 (<) 6443 (<) 83/49 ()
3 29/t 20 (S)-Hg-BINAP 10/67 (<) 47139 (-) 57 [ 44 (=)
4 29/t 20  (R)-MeO-BIPHEP 16/69 (+)  63/41 (+) 791 47 (+)
5 28 / rt 20  (S)-Difluorphos 45172 (<) 35724 (<) 80 /51 (=)
e 16/60 10 (S)-BINAP 80/59(-) trace -
7° 16 /60 10  (S)-Segphos 69 /64 (-) - -
8¢ 16 /60 10 (S)-Hg-BINAP 54 /60 (=) - ;
9° 16 /60 10 (R)-MeO-BIPHEP 62 /58 (+) - -
_10° 16/60 10 (S)Difluorphos  67/54() - S -
1164777746760 10~ "(S)-BINAP 81756 () ; .

4[Rh(cod),]BF, (0.020 mmol), ligand (0.020 mmol), 13a (0.10 mmol), and CH,Cl, (1.0 mL) were used. Active
catalysts are prepared through hydrogenation (1 atm, rt). "Isolated yield. °[Rh(cod),]BF, (0.010 mmol), ligand
(0.010 mmol), 13a (0.10 mmol), and (CH,Cl), (1.0 mL) were used. “MeOH (0.01 mmol) was used

e
PPh, PPh, PPh, MeO PPh, o PPh,
PPh, PPh, PPh, MeO PPh,

0 PPh,
XA
o)

)-BINAP (S -Segphos Hg-BlNAP )-MeO-BIPHEP (S)-Difluorophos

m

m

Figure 3.2.  Structures of bisphosphine ligands.
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E=8 HEHEORE

B2 AW T, BT OB 21T > 7-(Table 3.2.), &R EoOBEHILIZE L T, &89/
SEARBIIC BT DRk 2 IR EHIE DN E A SN BB W TH RIS ET L, WO BE#ILICIB N TH %)
G R AR = AREINETHE LN, —FH, = F AR, EERRO 14a 23 kb &
<, BHEOEEIDETIZEIKT Lz, 228, M) 7t a2 FARERT 5 le [ 3HBMEME -
W, U FARPEITRD e o7z, ALEW(H)-14a B X VN(H)-14c DA~FH IEHE D B O Pt i
IZE D, FBOINTHERIZOWTHRS G X B EMIT 217 5 2 & CHEE A MR8 L 7= (Figure 3.3.), F7-.
REBS 7 B VD SO TS EAEM L, BRIARMIZEShR T,

Table 3.2. Synthesis of silicon-stereogenic benzofuranylmethylidene-benzoxasiloles through rhodium catalyzed

cycloisomerization®.

si’ 10 mol %

=2 27N ~2 _ [Rh(cod),BF/(S}BINAP
(CH,Cl), , 60 °C
OH HO 16 h

(-)-14a/80%, 59% ee (-)-14b / 79%, 48% ee (—)-14¢c / 81%, 56% ee

(-)-14d / 86%, 45% ee 14e / 83% 14f / complex mixture

4[Rh(cod),]BF, (0.010 mmol), (S)-BINAP (0.010 mmol), 13 (0.10 mmol), and (CH,CI), (1.0 mL) were used. The

given yields are for isolated products.
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Figure 3.3. ORTEP drawings of crystallographically nonequivallent molecules of 14a (a) and
ORTEP drawings of 14c (b) with ellipsoids at 30% probability. All hydrogen and
disordered atoms are omitted for clarity.
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FmE RICEBOESR

FISHREE DT80, UUTFTOEREIT-7-, 7=/ —/LiFE(K 15a Bl L, KiEKET THRr Y
U LA IS ST & 2 A 15a IXFEARITTHE S 4L 14a 3 86%IU = T H4L(Scheme 3.11.), —F > F
AEIRVEITHERF S LTz, ZORER2 S, 15a 1TMENIC 14a OISR TH D Z VRS, 14a O
T F AL 15a NERRLIZRERCEED Z ERBH LN E o7, £, —RICT A FLEWITE
BN FEZ D 55720 7B IMLLTNWEEBZ ONDLR, =y FARFERMERF SN2 LD, R
FOSHETIEZ B UIFTET L E 265,

Scheme 3.11.

20 mol %
[Rh(cod),]BF4/(rac)-BINAP

(CH,Cl),, 60 °C
16 h

14a
86%, 43% ee

15a
43% ee

7o, 183d ZRUSHEICHWEZRICBWTE, Z7r A=) T o _e ) F%40 v a—)L 16d H3EIA Y
& L CHEESL7=(Scheme 3.12.), 7 1 A=V T >Ry F X4 m—/ 16d [FA~FV RN &N
ToHRERRIC OV T, B X BMEEMRNT 21T 5 2 & TG A MEGE LT, RO B 2859 2 LEMIE,
M DILE % VT RICEB W T O IFENHER S NN, VETH DT OHBEHCIIE S o7z,

Scheme 3.12.
Me_ ,t-Bu
Si 10 mol %
F\C Z CF;  [Rh(cod),]BF4/(S)-BINAP
(CH,Cl),, 60 °C
OH  HO 16 h
13d
sl
~O
P& / ’}\~>
4 P
)N
\ P
. 7‘\ —L.”/

t-Bu
ORTEP drawing of 16d
with ellipsoids at 30% probability.
All hydrogen atoms are omitted for clatiry.

14d 16d
83%, 53% ee 2%

65



PiEE

INDOFRERIND SSHEREITLL T O X 5 ICHEE S35 (Scheme 3.13), H—ETHR7= L 5T, K
FO&Tld ONIOM VEZ FWWTZEHR OSSR, 1,2-7 A B3 T3 2 R (13—A—-B) L W =R /L ¥ —
HINCHRIECH D, 7= ) — LV ORGERILE LD i (13—>C—D—B) & #h L CHIER E 225 v
B =Y T USRI R T D, £7-. DFT &AW HE O R, 13-REBBAIRIC LY -7 L=
T a ST YT N E BAERT D, FHRFEROFEMIIENEICCTRAD, Rz T v F 48R0
X, 72 /) = VOBGEHRICE DT L=Arr T A C OERMRBEMETHRIT L B N0, Al s
I A & LEHRILD 7 A B A2 A TROHINE L TR Y . B3R 2 B 2 52 s < Wiz
T FARIRENFREICEE ST EEZX DD,

-7 LT a XL DY A E blE, 7 a bRk Y=o LHRA G-Z, G-E. hU T
PHEAH-Z, H-EEDAERKRT D EEZ DD, RERISTIERNS Y 772V AF VTR FF$nm
— VIS NEAERME LTHELND, £72. 7=/ —LFFEK 15 005 14 ~OEBERHEI O SN TND
Z &5 (Scheme 3.10). n3-7 LveulZaos e ra Yy AEOT e hARICE Y, =AU G-Z
ZRRHT DR N FERISRE T E B BN D, — ., BEBRI THL 7 a A=V AF ) TRy
F¥Pa—16 %, U UFEAG-Z B ITAER LRV, YRR H-Z 51314 L 16
OWMBFNERLEDZ D, MY UK H-Z #288H LI2MOSRBE L FET DI B2 bND, £H
X ONIOM #:% AW THRBKRD =R VX —2RDIZE 2 A, oA HIZ Y =R L § =%
NF—BICHFTHL Z LW SN ol Fo, U = UFRK H-Z 26 DA F L ERIICOWTE
BIREEOZF A X —%2FHELIZEZ A, 14 10 L 16 AT 2 OSRKEN LV = 3 L —mIcH/F)T
BHDZERRALNE o, UL ARIETIE, -7 LT auEin Yy A E 0T a bl
WZE DA VR H-Z NERR L, AR VERIBICE Y 14 AT RN EE R RCRRIKTE &5 2
bbb, —H MV ZUFMEH-Z LT RN OICAER L, X UBIbICE Y 16 WEKT S, ST
HIRATZ LD ICH F A oM e D0 SEERAIEIE, 7Y LD C-H A OTEMEAL NS L B 7 v v o Bk
b ODERLPITHEITT B Z & 2D G-E. HEED D b BILICL W Zh 2N G-Z, H-Z Z#%H LT 14, 16
WERTHEEZLND,
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Scheme 3.13.
[Rh] Q’E\[Rh]
— . R
N
\ N TNy —= O _==R
/ N\ N\ I
@) Me t-Bu Me t—Bu
D
[Rh]*, - .
R = phenol —[Rh]
Me tBu
Me_ ,t-Bu [RhIY, .
Si Rh «—[Rh]
Z7 N R, \ T
R=pheno| O_"/Si\ — R
OH HO Me t-Bu
13 B

[th]
S
0-Si-
_ + 1 Me
[Rh] t-Bu
E
—[Rh]*
H+
R = phenol
Rh]*
R
2
. HO
0-Si-Me
t-Bu
H-Z
HO
= H
g1 (—
O’S,"Me
t-Bu
H-E

67



3
|

FRE FEDH

PLEXvEFIL, T4 MEe 2w A)(S)-BINAP fEAFE T, 74 E EICEWCERR DT VX L ii%E
B LT Co /IR 2 F TR F IR FREUS 2 f5t L7z (Scheme 3.14.), MEtofESR, UV re=1
T VPSRRI = o F IR BB L, B L RO A — FRUSPETT 52 LT, 7 A
FEECAFRLRFERINTEAR Y T TN AF VTR F v — BN ERT 5 2 & & L
L7, BT, SRMIC R ZEHEZ AT 5 REICBOTH IS ET L, Wb g O
FE D FATRIRNE T H ARG Sz,

Scheme 3.14.
Me_ ,t-Bu 10 mol %
Si [Rh(cod),]BF ,/BINAP
R Z R MeOH (0.1 equiv)
(CH,Cl),, 60 °C
OH HO 17 h
5 examples
up to 83%, up to 59% ee
-HBF4 oxy-
cyclization
R
1,3-C-
~[RnT R migration

Me t-Bu
HO
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E—# #

il

FB—EmNDE ZEIIBWC, TAX= VT = ) — AN ERTT 574 RGO A N2, BT AR
DU LEERAME A SOS S D & IR OGRIE T A BRI E o T U Ve =0 F USRS AER L,
IhEgTPREEE LT R — REOSDHEITT 5 Z & 2k ~<7=(Scheme 4.1.), Fig CTHik~<7= L 51T,
U AT =T UA R R REIA L T AMBSOSIE N E TICBb I SR TW AR, EmiRS A LB L
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Scheme 4.4.
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Scheme 4.6.
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7 v Aldppe il 2 G x5 & L, DFT(0B97X-D)iE % W TRUSH RISk 3 p it s b 2 38 2 72
ST, HEIDESGFEERETFALPCMZEM LY 7 ma A X T, EERITI e 2 7 ATk L
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I E-2 BERLT 5 2 LS SN2 o - (Figure 4.1)7, 720 A 2D AE_TS ~DIEMALT R L ¥ —(
26kcalmol* TH Y, TN ENZ ENLAEZITIENEITTHEEZOND,

Y / R
- | v [Rh]+ - |: /Rh+
P

/\
Me Me Ph Ph,

Figure 4.1. Gibbs-free energy diagram (in kcal mol™) of the 1,3-alkyne migration pathway obtained by using
the ®B97XD functional with basis sets: SDD on Rh and 6-31G(d,p) on the other atoms, using PCM
dichloromethane, in which [Rh]* = Rh*-dppe.
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Figure 4.2. IRC curve for AE_TS, transition state connecting A and E-2.
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Scheme 4.9.
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H-Z 76 O SOSRIEIZ OV T S ONIOM 3542 W CRE A21To 72, R R4 LU FIZRd (Figure 4.4.),
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Figure 4.4, Gibbs free energy diagram (in kcal mol™) of the reaction pathways in the rhodium-catalyzed
oxycyclization pathway obtained by the ONIOM calculations, in which [Rh]* = Rh*-BIPHEP.
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Figure 5.1. Photophysical properties of an aryl substitued benzofuran.
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N Jabs = 320, 340 nm
g \ Aem =310 nm

Figure 5.2. Photophysical properties of dibenzofuran.

Messaoudi H %, RNV T H P2 UNBEE L _BILRBICIVEBEINERXV Y 7T 20w
REE T 2 L A L7 (Figure 5.3.)%), MERE LD & 0O TIIAE R T UERIE 99% & W 9 1FIE 11T
fEZRTZ ERHLMNZ SN,

Aaps = 371 nm
Aem =450 nm
@ =0.99

Figure 5.3. Photophysical properties of a chromenyl benzofuram derivative.
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H

BEDIX, VT T7TFNTE T U FEEPBRICE > TERE SN T 7 N7 7 UoBatarmnt &%
His Lz (Figure 5.4.)%, ©F 7 b7 5 3REIREBICB O TEWEOEBEFINER AR L, — RIS
IZH DAERIRIBICB DT O EVMEZ R LT, E72, B e L COENZRMEE R L2 &b,
AWELIZHBITD R TP RZ EHNED 2 DOEEZ I A T-AHFENAM N T 2% (OLET) &
L CORMAREIES NS 9,

Aabs = 368, 390 nm

N Aem = 400, 430 nm
g N\ @r = 0.88 (solution)

= 0.72 (crystal)

Figure 5.4. Photophysical properties of a dinaphthofuran.

Fiwdh i Cib Nz AIE 27T T F 77 z=/Lim—/L (TPS) X, VRV THEIZ o nHER_RP
UNEBIZ2 IR LB O N A LEE LT B CTH D, Tang HIXMERIBIKTH DT F T 7
=7 T (TPF) 2. BB THOLZ R LB/ 7 4 LV REETIZHE L. AIE R RS20 2
L &2 W] 5 2N L= (Figure 5.5.)7, TPS IZIARIREEIZISN T T U — /L Ha 8 [ 1 EIHE 2 72 o S i 2 T 38
FEAMRES D Z & T 228, TPF CISER o X 9 et osh iz kv, 7 U — o | f[alEE)
FAE SN D Z & TR RIS ERRMEE S UIRTICIRIBIC B W Tt 2R3, —J7, BUAES X BAEE T O
FER D A IRBBIZ I C TPR 5 HIBEEEDN T < Be3E EONZE D AER T 2, 2072,
TEROFHEREAMELE S, BRI 7 4 LV ARIEIZEB W TIHE LB 2 oD, 7o, BHEIC X > THET
% BI43 ACQ (Aggregation-Caused Quenching) & FEIZI D, Z D X H 1, wHERT O m7e ik E4s
BT 2B ThoThH, BERRIE CITAEHACEHILOENT L0 R RICKRE RENEL 5,

TPS TPF
(Tetra Phenyl Silole) (Tetra Phenyl Furan)
TPS TPF
solution - luminesce

solid (film)  AIE ACQ

Figure 5.5. Comparison of photophysical properties of TPS and TPF.

LEX Y | R BRI ERMEDRNT T B2 EAT 5 2 & T, WA R VG /e
W LEh R edot 2o d, LavL, BEERREBIZE W TR, ZUESACEBIEOMEIZL D 431
TOMAMERIZEVIEE LGS, EEEMAEHIE IR TOEERILS RO N D Z b, K0 FAH
7253 F DOBIZICIZ, T H COMEIER 258 Lot 2R EREOE AR BLETH S,
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H

AN L o THER LIALE TN TR b H A EZ R L, IRV Y T 7B ERT X0 77 =
NAF VT Ry x4 vn— WIERREBICB W TREZOEFRMEEZ R LT, TAXF= A AF T
VRV FFRY T a— U, VRN T T A BN R Yo — VBRSO L D AUE L
TEBTHY, XV TIToNAF VTR A a—E, ORI THE VT R K
Pom— R T T B OBEIZI VB LIBKTH D . T EL O BRI S D 2
& THOLZ R LT LHERI S L% (Figure 5.6.), F£72, [EAKIE TOFCREIZIE, EHIL D STIRRY 725 2
INEARRNCEEST D 200 HFHTOMEERICOWTHLEBEETILEND D, LY AETIE,
FALE D OVRWRREIC I B P RHED LRI Z . i X B IEMRT> DFT 82 W28 A1
RBLEIZLY | BB KOEMRIREBIZ T DR R AR E DR B 2 iR 5 2 L & LT,

Figure 5.6. Structures of alkynylmethylidene-benzoxasiloles and benzofuranylmethylidene-benzoxasiloles.
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BIH TIFZDLUAFYTIUORDIAFH OO LEEROIEZHYE

BB TARLET VXA AF YT Ry F 342 n— L OSANAEWIN AR kL 3t A
N7 b, wEEFINERE 7 v a RV AR CRE L, BN SOREIC B 2 D AR LT,
(Table 5.1., Figure 5.8-17.),

EHILOE 2B O TRELRO 20 OB E{To7-, =F =R B UM E#REZ E
A L7z 2b, 2d, 2e, Tl&, WKRBIEER, SOEE & BITIZEA LB LRhoTo, —F, #tE I
RIFFALGETHDIAFALEOEANZLI VM EL, BEFREIETHD MU 7Fd o A FLEOEAC
L VIKRT L7 (Figure 5.8, 9.), 7=/ —/L LICEBILAE A L7 2j, 2k, 21, Ti%, MEEELDO 2b (2t~
T, BRI R A B A EA LT 2l OAREREMA~ 10-20 nm BERER S 7 b Lz, @Otk
RAITEHILOZEPBE RN, BROIEELET D 2j TIE15-20 nm BEEE 7 ML, E1itE
FEEATH 2 T, SOnmEERERE Y7 52 ENH LN E Ao 7= (Figure 5.10, 11.), H#6& IR
HEHILOPENEE RN, BTREEZETD 2 TIHETFL, fE5RE2HT 25 2k, 2l TIEREL
MLz, F7F, F7 =B ERT D 26, 2m T, BRRINEE, R L bICREE Y
7ML, T7 b= VEEATHHOTEY RELS T M L7z(Figure 5.12, 13.), #CEFIIERITW
Tz W THm kL7,

KT VxS OB LV 67z 4, 5. 7 Tk, BRBIER L2 > OB 5L (2 F
NI A NFUR) EETD 4, mTF AR BUEMIICEAT NV ER TS 5 Tlkb I hicEEEY 7
ML, RUTY—EREGT S 7 TIEbOTNCEEEY 7 b Lz, BREEERT, 4 TIREERO
b LV LEEEY 7 RL, 7=/ =V EICATFNVIEEFT D 2k ERIREE -T2, BEREIETHD
TATNVERT D5 TIE50-60 nm, U T Y —/LEAERT D TIETIE0 mBEREESY LT,
HHEFUIRIL 4, 5 TIERGRMEEZ R L, 7 TIEREIK TN L, £72, BRRETIZ 4, 5IFIET L,
7 TR L RIRREE & 7o o7z, (LEW A & ADBL I MLICE VO NIZ6 i L7 25, 6
TR R, R & IR 7 ML, aE IR IT 58%0 6 15%I12 3% L <K T L7,

UL EDORERD S | BRI, AR RIIE TG EROEANE - o HEFROILRIC I Y REE Y
ZhL, EBIREIEOEAIZLVEREY 7 N2 EBHALNE RS, £, BNETIERITET
eHEEOEANIZEI VA EL, ZATAEZRS B RIIFEOENZEIVIKRT L, F72, B U AR
RESHEHKEFWENRE LAR T LI 0D, 7 A BEBIT L0 #RER M B2 2 E RS0 E
o,
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Table 5.1. Photophysical properties of alkynylmethylidene-benzoxasiloles®.

compound UV-absorption fluorescence o
/1max (nm) /1max/ nm
(excited wavelength / nm)  (excited wavelength / nm)
2b 311, 365 406, 419 (340) 0.248 (360)
2d 370 418 (340) 0.151 (330)
2e 366, 383 403, 419 (340) 0.297 (370)
2f 379, 400 413, 434 (340) 0.480 (380)
2j 360, 377 391, 410 (340) 0.139 (340)
2k 316, 368 420 (340) 0.482 (400)
2| 323, 389 475 (340) 0.585 (400)
2m 312, 392, 409 435, 458 (340) 0.429 (370)
4 375 412, 427 (301) 0.567 (370)
5 386 468 (301) 0.475 (410) / 0.075° (410)
6 339 388, 401 (300) 0.147 (370)
7 298, 360 496 (301) 0.186 (430)/ 0.167° (330)

aMeasured in CHCI; 1.25 x 10° M at 25 °C. ®In solid state

Figure 5.7. Structures of alkynylmethylidene-benzoxasiloles.
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Figure 5.8. UV/Vis spectra of 2b (red line), 2d (light blue line), and 2e (green line) in CHCI; at 1.25 x 10° M
at 25 °C.
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Figure 5.9. Fluorescence spectra of 2b (red line), 2d (light blue line), and 2e (green line) in CHCI; at 1.25 x
10° M at 25 °C.
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Figure 5.10. UV/Vis spectra of 2b (red line), 2j (light blue line), 2k (green line), and 2f (purple line) in CHCl;
at 1.25 x 10° M at 25 °C.
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Figure 5.11. UV/Vis spectra of 2b (red line), 2j (light blue line), 2k (green line), and 2f (purple line) in CHCl;
at 1.25 x 10° M at 25 °C.
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Figure 5.12.  UV/Vis spectra of 2b (red line), 2f (light blue line), and 2m (green line) in CHCl; at 1.25 x 10 M
at 25 °C.
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Figure 5.13. Fluorescence spectra of 2b (red line), 2 (light blue line), and 2m (green line) in CHCI; at 1.25 x
10° M at 25 °C.
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Figure 5.14. UV/Vis spectra of 2b (red line), 5 (light blue line), 4k (green line), and 7 (purple line) in CHCl; at
1.25x 10° M at 25 °C.
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Figure 5.15.  Fluorescence spectra of 2b (red line), 5 (light blue line), 4k (green line), and 7 (purple line) in
CHCl3 at 1.25 x 10° M at 25 °C.
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Figure 5.16. UV/Vis spectra of 4 (red line), and 6 (greene line) in CHCI; at 1.25 x 10™ M at 25 °C.

1.2

=

ot
bo

&
~

Intensity (normalizrd)

320

——Me, OMe (lum)

desilylated (lum)

370 420 470 520 570

Wavelength (nm)

Figure 5.17.  Fluorescence spectra of 4 (red line) and 6 (greene line) in CHCI; at 1.25 x 10° M at 25 °C.
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P

EB=H BRREIZETAT7EXINERDY IS AFY TR A FH S O-)LEERD
p ==t =

BOREICTAR LIRS Y 7T 2 AF VT Ry v n — )L ORI AR AT R L,
JART bV EHEFINEE 7 v RV ARERT CHE L, BN 2 2 BB L
7-(Table 5.2., Figure 5.19-24.),

EHIEDOE MBI OV CIEERLD 10a & OHERE (T o 72, RN E X, ®E#o 10a T
376.397 Nnm TR L. BRI ETHD MY 7t a AF LA HT 5 10e TIREFEHDO 10a 12T,
ZTREN 10 nm BEENEEY 7 b L, — . BOWETFHGRETH L ATFLEEATDH 8 Tl 10 nm
BEREEY 7 ML, EFHEGREOBWVA M EE2HT 5 100 1XEKEE Y7 F L7 401 nm (ZHAT
W R AR Uiz, WREtiRid, MEHo 10a TiE 411, 430nm (/R L, EFRBIETHD MY 70
Fu AFNIEFT D 10 TIEEELO 10a IZHT, ZEN 56 nm EBEEEE Y7 MLz, —F.
PNVEFIGRETH I ATFLEEGETS8 TITI5MmMEREY 7 ML, BFHGEEOTRN A bk
AT D 100 (TRE < B E Y7 b L7z 480 nm (2 RIWIG F % 71k L 7= (Figure 5.19, 20.),

WIZT NF N (AFVE 7 FAE) 2F795 8, 10c, 10g TOHEEZITo72, W T
HIZIER UK R 2R Lc, o, MREOCERII AN TMICERE LG5 8, 10c TIXEF L
Tholon, AXNICESRILZ AT 2 10g TIHENMTEIEEM -~ 7 b L7z(Figure 5.21, 22.),

7 AN HEIE L 72 10d, 10h, EFRFIETH D7 FAIEEH TS 10f ICHOWT b Z{To 72, i
R RAZB L Tk, Wih b oM RRIE R 477 L, EEH#Lo 10a ([ZH~T, 10d TiE 10 nm
FEEE, 10h TIEL 15 nmBEREEM A~ 7 FLic, =, TEFAEZAET 5 10f 1%, FU7rFm A
FNIEEGT S 10e &I Ee 0 MEKLD 10a S ZIEFE UfE7E - 72, #6E X, 10d, 10h TV a— K722
W& L, WRE G EI1% 10d Tid 460 nm, 10h (X 488 nm 2/~ L, #EEHO 10a LY L EEEY 7
U7z, 7TReFVEEAET D 10f EE L 10a & [FIFLE OfE % 7~ L 7= (Figure 5.23, 24.),

R TIRIZOTHOAMICB T HIEFICHWMEZ R Lz %, BEHRO 10a 1 76%% <L, 7
xRV T U=V AE AT S 8, 10c, 10d, 10g TIXE S EL, WL d 80%LL L&V 9 FEFITE
VMEZ/R LTz, —J7, BOE TG TH D A MU A AT 2 10b Tl 10a 12T 7%REK T
L7ze BFREIETHD R 7t XF A, T FAREEAT 5 10e, 10f TIEW T b 15%F EAK
Tl F£72. 77 b= EEEAH TS 10h TiE 30%FREE T Uik HAKUVE & 72 - 7= (Table 5.2.),

PLEDFERMNS, TAX= VAT VT o Ry 4 v n— LiFEk b FREC, BRI E, 30t
WRITE I GIEOEN, 3 HREBROIBRIZ LV REE Y7 ML, EReIEOEANICLY
WRY 7 M T2 R LNERoT, o, WTHUCEWTHEN St E FIEL R L, MEER S
LT 7 U — L BEROEA LIALAWIERRHC @V EO R IR A R Uiz, — 07, K515
DOBNFE T2 1E 7 B FH ORI X0 e TICRIFME T L,
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Table 5.2. Photophysical properties of benzofuranylmethylidene-benzoxasiloles®.

compound UV-absorption fluorescence P
Amax (NM) Amax! nm
(excited wavelength / nm) (excited wavelength / nm)
10a 376, 397 411, 430 (300) 0.756 (300)
10b 401 480 (340) 0.691 (340)
8 384, 405 426, 445 (301) 0.843 (400)
10c 383, 404 423, 443 (300) 0.866 (330)
10d 389, 409 460 (340) 0.844 (340)
10e 372, 398 404, 424 (300) 0.606 (340)
10f 377, 398 409, 430 (300) 0.603 (300)
10g 381, 403 416, 437 (300) 0.803 (360)
10h 392, 413 488 (340) 0.442 (370)

aMeasured in CHCl; at 1.25 x 10° M at 25 °C.

Figure 5.18.  Structures of benzofuranylmethylidene-benzoxasiloles.
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Figure 5.19. UV/Vis spectra of 10a (red line), 10e (light blue line), 8 (green line), and 10b (purple line) in
CHCl; at 1.25 x 10®° M at 25 °C.
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Figure 5.20. Fluorescence spectra of 10a (red line), 10e (light blue line), 8 (green line), and 10b (purple line) in
CHCl3 at 1.25 x 10° M at 25 °C.
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Figure 5.21.  UV/Vis spectra of 10g (red line), 8 (green line), and 10c (purple line) in CHCl; at 1.25 x 10° M at
25 °C.
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Figure 5.22.
M at 25 °C.
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Figure 5.23.
CHCl; at 1.25 x 10®° M at 25 °C.
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Figure 5.24.
in CHCl; at 1.25 x 10° M at 25 °C.
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P

FOE ERREIZCETAT7EIINERDY IS AFY TR A FH S O0—)LEERD
p =t =k

R TGN AF VT R XY — L OERIRIEIZB T 5 H AT L, gt &I
ZRE L, BRI EOLREIC G 2 5B % R4 L 7= (Table 5.3., Figure 5.25-27, 29-34.),

X CDITHARIRIEICI T D8 AXT MIVOEIRIREE L DI AT o728 A, WTNDIEW b
BRBBICHERTREE Y7 L TWAD Z ERH LN o7, MEEHO 10a TIE 60 nm BREREEY 7
L. 7 a— RN S (Figure 5.25.), # LA 925 10b TIEMREERE A 2 SEHI
Stz (Figure 5.26.), A F/VEEZ A2 8 TIIWIIREE L [AIFRDO 7 1 — R Z 7R L, 80 nm RIKE ¥
7 k L7=(Figure 5.27.), -7 F /N HEE AT 5 10c TIE80nm BEREHES 7 b L, IW@REL Y 70—
R7e 3 %7~ L= (Figure 5.29.), 7 ==/ H%EH7 5 10d 1T 7 MEDSR /NS 30 nmBBETHY |
7 u— R4k LT=(Figure 5.30.), kY Z/LA4 1@ A F LA AT % 10e Tl 551 nm (R #OL I &
ZRL100nm L EREE S 7 R LN SO E— 7 NER -7 X 5 R8I & 7 (Figure 5.31.),
T FNIEEZHT S 10f TIZ 40 nm BERKRE S 7 F L7 r— RREENEM S 7-(Figure 5.32.), A ¥
NAZ A FIVIEE AT 5 10g TIE0 nmERER R > 7 b L, 7 v — R2REEAEM < 7- (Figure 5.33.),
FT7 M= VEHEAT S 100 TIXO0OnmBEREES 7 M L7 r— R & 72> 7= (Figure 5.34.),

HHEFINELZRE LTz & 2 A(Table 5.3.), WIRREIZEWTH & IR, B RoMEEEH
9% 10e, 10f, 77 b—/LEHEZAG T2 10h TIIRE KT L, 2, WRIREIZB W TEWEZ R
L7- @D 10a, 7 = =)V iEFT 25 10d, A X ALICEBRLEZ AT 5 10g TERESEF L, —H,
B 7 T AT 5 10c TIEEAIREE & L COIIBmEm 0 37% %2 /R L, £72, A RV EH
4% 10b TiE, IWRIEICEB W T EE LD 10a L0 H{KV 69% TH > 7228, BASIREE TIX 20%F2L % D
RTIZE EFED 46%L T Too NI A FNVEEGT 2 8ITHARREEIZI W TR b @m0 53% 4 < LTz,

BARREEIZ B TR b @ WA R TFIREZ TR L 8 IR W T, ~FH D OFEHMICE v ES
NiZfEd, BEOPMMA OY 7 oo A X VEBNC 8 245 S B TIERR L2 7 4 /v 2R FE T O
IZOWT HIEZ1T > 7= (Figure 5.27.), flfREETOHNK AT MVIHRERRICEEE 7 ML, B
RIRRE L FIBROMMKE I R AR LN, K0 vy —T Rl E R LIz, — 7 4V ARETIHERIZ
V7 MY BWIRRRE L R OBREOLERE R L, KV vy — TR AR Lo, dtE IR L
HICHEHORAE LV b E L, fEARRETIZ 90%, 7 4 L LRETIT R b EV 95% %< L=, (L& 8
Wi, 7 4/vh, Bk, fEsREEIC R T % H#0 Ok % 71-9-(Figure 5.28.),

LLEDOFERMNS | HARRETIIOTIOMEMICB N THEEEENSERE Y7 L, SR I
IFOTNHIEIREE L V BT L7223, BEHEOBECI VIR TRICENEL D ZEBHLNE o7,
B ARRE Tl T REDEHET 2 2 L b, P COMAERNEBRIEOENCRKE IKFELTND
EEZLND, £2, ALAW 8IZB VT, PMMA IZ XV 32 5H LTV D 7 ¢ L IIRRE T, 1k
RE L AR KEOEI B2 AT 5 Vv — 7Rl 2R L, FEIRRE T, BARIRAE & A O MK HE
BERATLVy—TRERER LI ENG, D TRICOMEBERNENEEDO Y7 MBS L TW5
EEBEZOND, £lo, TV LREE, FERIREE L BIC, WIRIREEL Y bHOER TIENM TS 2k
B OMNE o T,
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Table 5.3. Photophysical properties of alkynylmethylidene-benzoxasiloles and those derivatives®.

compound state fluorescence ok
Amax ! nm
(excited wavelength / nm) (excited wavelength / nm)
10a powder 488, 517 (300) 0.274 (420)
10b powder 511, 540 (340) 0.463 (360)
8 powder 526 (301) 0.517 (430)
10c powder 523, 520 (300) 0.367 (340)
10d powder 492 (340) 0.115 (330)
10e powder 551 (300) 0.113 (300)
10f powder 470 (300) 0.239 (400)
10g powder 508, 526 (300) 0.190 (310)
______ 10h ___powder __ __ 575(340) ____  0072(320) _____
8 crystal 498 (300) 0.904 (450)
8 film 440 (300) 0.947 (450)

#Measured at 25 °C.
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Figure 5.25.  Fluorescence spectra of 10a in powder state (red line) and in solution state in CHCI; at 1.25 x 107
M at 25 °C (blue line).
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Figure 5.26.  Fluorescence spectra of 10b in powder state (red line) and in CHCI; at 1.25 x 10 M at 25 °C
(blue line).
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Figure 5.27. Fluorescence spectra of 8 in powder state (red line), Crystal state (green line), PMMA film state
(light blue line) and solution state in CHCl; at 1.25 x 10° M at 25 °C (blue line).
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(d)

J

solution film powder crystal

Figure 5.28. Photographs showing the fluorescence in the CHCI; solution (a), film (PMMA) (b), powders (c),
and crystal (d) of 8 with irradiation at 365 nm.
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Figure 5.29.  Fluorescence spectra of 10c in powder state (red line) and in CHCl; at 1.25 x 10° M at 25 °C
(blue line).
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Figure 5.30.  Fluorescence spectra of 10d in powder state (red line) and in CHCI; at 1.25 x 10 M at 25 °C
(blue line).
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Figure 5.31.  Fluorescence spectra of 10e in powder state (red line) and in CHCl; at 1.25 x 10° M at 25 °C
(blue line).
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Figure 5.32.  Fluorescence spectra of 10f in powder state (red line) and in CHCI3 at 1.25 x 10° M at 25 °C
(blue line).
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Figure 5.33.  Fluorescence spectra of 10g in powder state (red line) and in CHCI; at 1.25 x 10° M at 25 °C
(blue line).
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Figure 5.34.  Fluorescence spectra of 10h in powder state (red line) and in CHCI; at 1.25 x 10 M at 25 °C
(blue line).

EHELOFE W LV | FEAREE COECREICBE R 22N BT Z &b EH L DFT MR KO
Flidh X BRABIERENTIC L0 . SO ORBUSEIZ OV T X BITHRE LT,

I CDICRIIRBIZ B W TR W EE & IR Z /R L7z 10a, 8, 10c, H L1V 10d OEFHIREEHZ44
Lo, WEET — 2 &b & ICHE R RIS 2 B3LYP/6-31G(d) & L. #HHICIX Gaussian 09 % FV Tk
EERIZB I D =k VX — %R 7o, FHERE R % LI FIZRd (Figure 5.35a-f.), {L&% 10a, 8, BL O
10c TiX. HOMO ¥ KUY LUMO i 5 O#LEAFERHIEL L, B A FR< 4RI > TV D DI
%} L(Figure 5.33a-c.), 10d Ti%, HOMO O#LEIL T FER LD/ ST LD B U BRIZIRN A5, LUMO O
BUEIX p ALORUEB VB BIZIZIRN B RN & 67 & 72 o 7= (Figure 5.23d.), /L& 10a, 8 B8 LW
10¢,10d D= FNF =X A T 7 F 5 TiZ, HOMO,LUMO & %1 10c 23 b &\ Ml % 7 L, HOMO-LUMO
TRILF—F v v 7% 10c 2 b/ NS VMl A L7-(Figure 5.23F), 7 A FH 112 L 5B RO D 5
EEETDHI20, 8 DT A BIRTDIRFIRAIEHR S 4172 10i 122\ T FHE A 1T - 7= (Figure 5.33e-f.),
HOMO, LUMO & $1Z 8 L [AIFEE D%~ L, HOMO-LUMO =R/ ¥ —X+v v ZICB L TH, 8 & 10i
TIEBEE 2 2213 B V7R /> 7= (Figure 5.23f),

PLEOFER G FRIRREIZEB T 2 8O0FREIE. 7 A BOBEBFRFEICHELIZ SO TIHRWES
Zbhs 9,
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Figure 5.35.
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HOMO (-5.19 eV)

LUMO (-1.65 eV)

g o

HOMO (-5.06 eV) LUMO (-1.59 eV)

HOMO (-5.06 eV) LUMO (-1.57 eV)

,Ph%m .

HOMO (-5.20 eV) LUMO (-1.71 eV)

HOMO (-4.98 eV)

LUMO (-1.55 eV)

10a 8 10c 10d  10i
165 159 157 471  -155

353eV |347eV |3.49eV [3.49eV [3.43ev

-5.06 -5.06 -5.20 -4.98

Pictorial representation of frontier molecular orbitals of 10a (a), 8 (b), 10c (c) 10d (d), and 10i (d)

calculated at the B3LYP/6-31G(d) level of theory. Energy diagram for MOs of 10a, 8, 10c, 10d,
and 10i are depicted in (). Two-arrows represent HOMO-LUMO energy gap.
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Bl E
O, BRI A0 FCOMEERZIA 5223 572, 10a, 8, 10c, BXL O 10d (2o

WTCHRE B X BB IEAT 21T o 72, —EAEARNICE T 2 ZH M1 350-11.4° TH Y . WTFHIZBWTH
T C T WO SEARERJE 2 95 2 & 23 5 5 & 72 - 7= (Figure 5.36a-d.),

Figure 5.36. Dihedral angles between two double bonds of (a)10a, (b)8, (c)10c and (d)10d.

EHL DAY 10a TlX, 2 200 7 LEEEZA L, ENENER L5 FREAEFERIC L VRSN
% (blue and green, Figure 5.37.), FkaD AT LA T, HWIYA Y 7 v BV U IVIED SRR R 2l 5
YR TR E, 7T UEy O C=C ZHEAEA MR- MR 3.30 A TRy 10 C=C —Hf G &
HRDE I T LERT b,

Figure 5.37.  Packing structure of 10a.
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H

B L HFAON T 2T CHIm FHEMERICLY . RV FFH a0 —LOEFEORTADOKERT L.
RV T T UM AENERT A Z & Tt L, B MEREEL 2.89 A & 72 % (Figure 5.38.),

N
~T NP
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/
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ANY \ / \
T L/JTL:/J

-3 ;

Figure 5.38.  Packing structure of 10a.

NI AFNIEZRHTDH 81T, VA Y T ey U VNSRRI 20T 5 K 9 IO T & & |
DLTN T AY v F T LT A ~—% BT 5 (Figure 5.39.), — /01 Ol 82)5 - W EEHE A 13 3.43 A
ThO . 77 TN T =LV AERID b EVWR -t HAEERANAE U2 TH 5. /LA 10a & 2720 |
R F XY — VS D RT LD KRFEIRA DA F OIS, T LM O CHI = FEAER 28425 =
&TL RTHEIERE ARA4A3 A) THEL oo X A~ —h, XV RWETHIEREBB.50 A) TRAE R -T2 h T
LERT D, £io. BT LB TOAF VORI EERANA LIV, FFEHL 216 A TH 5,

L L
, T/‘_) Tard
\ I
A:343A Rl
&\ =t -
I \ '
B:3.50A | L’ : )

216 A )
wl/ —'/ & 7/ —/I\
\ﬁ <::=?§

Figure 5.39. Packing structure of 8.
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H

—H T FNAEEETS 10d TlE, -7 FAEOERIEIC L0 45 FRITO g LSO E2 0 1L
LRV, A Y Ta v UV BRXOERE G AIINET D0 DR 7 F EALE D CHI©
FEAER RS A B, 1M EEEE 2.85A T % (Figure 5.40.),

Y Y (b Y

= !

Y 417 —

N 285 A ': <)(-\/_\
= A

Figure 5.40. Packing structure of 10c.

VAT e e Y BROKEFRIET D01 DR 7 F AL E O C-H...O #HAEH
NI, R WHEEEX 2.52A T& 5 (Figure 5.41.),

Figure 5.41. Packing structure of 10c.
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H

RN T 2=V EEHT 5 10d Tk, 4 Y7 a Ay U VEPNAR R A X5 X 512 LTkt
FHRxzmE, PLITN T A¥ vyX 7 LIeh T MMEELZ T % (Figure 5.42), 7 ==/ 3L~
X — NI Tr-n A vF U THREERANAET, FE-HEML330 A Thsd, £/, 7==
NILL Ry T T MBI T S n-n AX v ¥ ZHAMERNE Uit +RERIT 337 A Th 5,

Figure 5.42. Packing structure of 10d.

HITARNICBWTH, RV T T DT 2oV E R R a— LA T C-H...0 ¥ HEAVEA N
AT TRBY., IRk 2.45 A Td 5 (Figure 5.43.),

@/7
&, I %
/" \X 245A
I\ v

Figure 5.43.  Packing structure of 10d.
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P

PLEX Y, MEHLO 10a TiX, B2y 0 ZIC X DREHEEIC KD st B FICEMET L, &Emn
-7 FNIEFT D 10c T HFE LR H2ICBER T D720, IREEEEA N S PR a0 &
FINRE R LT EEBEXBND, 7==/VEEHT5 10d IZBWTH, 10a & RRICE R/ Ny ¥ 7 X
DIREMENECTZEEZ LRSS, 10d & RO D T DIRICHEE Lzt 2415 8 TilldE vk
WBEFINRE R L2 ED, DFT #HEZ2 AW TR TPICBIT 2B FIREBOE WA B LT,

{EEW8I L N10d 1IN T AEEDH NG 2FEHD ¥ A ~—Z 3% Z & 3T X % (Figure 5.39, 42.),
INBDOHA~—% TNEN 8 MO S iz 8A (HHEEE A=3.43A) B L 08B (R B =3.50
A). 10d 75 S 47 10dA  (HEFETEEEE A=3.30 A) 5L 10dB (Hif#EEEEB =3.37A) 3%, &g
FA~—DEFHEEE MEET —F &b &0 SEIEREEINEI% 2 B3LYP/6-31G(d) & L, #1213 Gaussian
09 # AV Tt ETICR T 2 X A4 ~— D= x X — %R 7=, GHERE R % UL T2~ (Figure 5.44a-f.),
A A <—8AFLUE8B Tik, # 1 ~—8AIZHE T LUMO DELENKE L HARDDIZx L, ¥ A ~—8B

TIEHEDEAR VD TH SR LB B2 E 72 - 7~ (Figure 5.44a, b.), —77. 10dA 35 X T* 10dB Ti,
WTFUZEBNTEH LUMO OFIERKE K Ee->TWD Z EMB L L2~ 7= (Figure 5.44d, e), F7-.
WFIUIZENTEH HOMO-LUMO =R LF—F ¥ v FIXE /) ~v— LD /SN2 LRGN Lo T

(Figure 5.45c, f.),
4*
o
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Figure 5.44.  Pictorial representation of frontier molecular orbitals of dimer 8A (a), dimer 8B (b), dimer 10dA
(c), and dimer 10dB (d) calculated at the B3LYP/6-31G(d) level of theory. Energy diagram for
MOs of monomer 8 and dimer 8A and 8B are depicted in (c), monomer 10d and dimer 10dA and
10dB are depicted in (f), Two-arrows represent HOMO-LUMO energy gap.
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P

Pl b, Xk a it K OEEGRERE O RS, 7= VK269 5 10d Tik, 10a [FIEEIZ i PRk
A (330A) BLUB 337TA) THEL THAELR TR/ v X /HiEE2A L, LUMO $LE O A
TERMRKE W EBERIRIEBICB W TREMENE CZolx L, AFAEEATD 813, WRB X
V7 4V LPIRETE /) ~— 8 E R L, FRRETErAY v XU T LA A ~—IC L D5 E R LT
EEZOND Y, BHBIOT 4 L ARETIE, HFIEAEVICEERTWS 720, £/ ~—ICHk L%
JaRT, Flo. DFPEVICEEN TV S Z & TRETHED IR S 4L, 27 1 /L 2REE TIEBNES) 3
Wl & 5720, wHEFICERM L LI EE 2 b d, MARRIERS X O%EERAETIX. LUMO DfE
DALY, 343 A 0BWEMEEEE A T A ~—DERS, 250X A ~—%350 A Dk
WIENERRE B TS i1 5. DFT SHROFERN G B & @ LUMO O#LEMAFEMIC LY | BHE
KXY H HOMO-LUMO =R /LF—F v v 73 L, Wﬁixw%%%ﬁ®%%%ﬁfﬂﬁMka
EZobH, ZOkD, 8 TIEMWhE FHEAFEHNEL, fHakBos R ENRRES 7 ML,
HEFIERm ELZEEZLND,

WAWS@&E%%MﬁﬁﬁﬁlJTW%%EEHﬁ@%& (TG-DTA)Z VT . ~U 7 2K T,

JRHE 10°C min™ T 25°C 735 500°C % THIR S W72, BV MR IZE &M 5wl L7-iRE L L
kowm®%%\n&@\MMC?&ﬁtw&#ﬁwéntoit\ﬁQMMgiﬁme%Dmmﬁ
LEMEATHZ LA B L 72~ 7-(Figure 5.45.)'%,
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Figure 5.45. TG-DTA curves (heating rate of 10 °C min™* from 50 to 200 °C).
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BRHE FINGRIIITSZNUAFIT ORI RS O0-)LORFERF N

BEBEICTAR LT, I TNR Y T T2 AT VT o _ A4 v m— )L OSSN R A A~
7 NV BIEART ML BKETIRE 7 v a AL AR CIIE Lz, BIERS R4 UL FIZ R g (Table
5.4., Figure 5.47-50.), # _FIZBWTEM LI, FAHZ EIZA Y TV EKEGTHX Y 7T =)L A
FUVTF Ry FFon— L iFER L REOHN 2R L, BINAXY MUWTEFRSIETHDL N 7
NAB AFNIEEAT H(H)-14e TITEELLO)-14a ([ZHAT, BHTEEEY 7 L, BAGMEET
bHHAFNHE A M VEEZETDO)-14c, ()-14b TIEEHEM~ 7 b L7z, £72, EBROILEL
72()-14d IZBWTHREEMA~T 7 F Lc, MREEERIZE L THRBEOMEM A A i, (-)-14d T
IR RMA~, ()-14-c, e TIHEREEM~T 7 k L7=(Figure 5.47-50.).

HNEFNRLZHELIZL A, FoRHICBWTAER LTI AR R Y TV EZHFT 0D L
g9 % & MEEELO(-)-14a 1% 16%, A FAHKE T 5 ()-14c 1% 15%REK N Lz, —FH, A FFv
B P TA R ATFE, T2 VR AT H(H)-14b, d BEO()-14e Tl 3-4AWFEEK T L7, 72
B, 7B IER®D-14c lIZHOWTHHEEIT- T2 & 2 AF T VIR L [EREDAE % 7~k L 7= (Table 5.4., Figure 5.51.),

Table 5.4. Photophysical properties of benzofuranylmethylidene-benzoxasiloles and those derivatives in

solution state®.

compound UV-absorption fluorescence P [0]?°p°
/1max (nm) imax/ nm
(excited wavelength / nm) (excited wavelength / nm)
(-)-14a (59% ee) 375, 396 411, 429 (300) 0.586 (300) -299
(-)-14b (48% ee) 400 481 (340) 0.659 (400) —224
(-)-14c (56% ee) 383, 404 426, 444 (300) 0.738 (410) -238
14d 371, 392 401, 424 (300) 0.437 (350) -
(-)-14e (59% ee) 389, 408 462 (340) 0.802 (350) -226
(x)-14c 383, 404 383, 404 (300) 0.775 (380) -

aMeasured in CHCl; at 1.25 x 10° M at 25 °C. ®\/alues are calculated as 100% ee

14d 14e

Figure 5.46.  Structures of chiral benzofuranylmethylidene-benzoxasiloles.
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Figure 5.47.
1.25x 10° M at 25 °C.
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Figure 5.48.
CHCl; at 1.25 x 10”° at 25 °C.

118

UV/Vis spectra of (—)-14a (red line), (-)-14b (light blue line), and (—)-14c (green line) in CHCl; at

Fluorescence spectra of (—)-14a (red line), (—)-14b (light blue line), and (-)-14c (green line) in
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Figure 5.49. UV/Vis spectra of (—)-14a (red line), (-)-14d (orange line), and (-)-14e (purple line) in CHCI; at
1.25x 10° M at 25 °C.
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Figure 5.50. Fluorescence spectra of (—)-14a (red line), (—)-14d (orange line), and (—)-14e (purple line) in

CHCl; at 1.25 x 10° M at 25 °C.
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Figure 5.51. UV/Vis spectra of (+)-14c (blue line) and fluorescence spectra of (£)-14c (red line) in CHCl; at
1.25x 10° M at 25 °C.
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BoNEXFTINRR T T T2V ATF VTR F XY m—)L 1da-c, d DS - a1 FR 0
% (Electronic Circular Dichromism: ECD) A2 /L Z I L 7= (Figure 5.51-55.), W\ T FuUZHBWNTH v |
VIR DI, A FEOARFICER LTI A R L2 2Y, Gas < 2.0 X 1074 & 72 0 K& 2200 i 7
DAL o T, A FNIAEAHT 5 14c O MR mIFEE(Circulary Polarized Luminescence : CPL) % Il iE L 7225,
BRI ITVWECTH o 7,
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Figure 5.52. ECD spectra of (+)-14a (56% ee, red line) and (—)-14a (59% ee, blue line) in CHCl; (1.25 x107
M)
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Figure 5.53. ECD spectra of (+)-14b (49% ee, red line) and (-)-14b (48% ee, blue line) in CHCI; (1.25 x10°°
M).
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Figure 5.54.

Figure 5.55.
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ECD spectra of (+)-14c (59% ee, red line) and (—)-14c (56% ee, blue line) in CHCI; (1.25 x10°°
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ECD spectra of (+)-14e (45% ee, red line) and (—)-14e (45% ee, blue line) in CHCI; (1.25 x10°°

M).
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H

BEAREEIZ 31T DO R SO E FUIERIZOW T b llE 21T - 7z(Table 5.4., Figure  5.56-60.),
W EIX®)-14a, c-d TIIRITIRIBICHERTREEE Y7 F L, F1l2@)-14d TiX 100 nm BREEKRE Y7 b
L 7=(Table 5.5, Figure 5.54-59.), — 5 (£)-14b, e TlE, B E T 7 MIR LT IERIREE & [RIFLE 090k
WEARLE, HABFINET 2 > OXRCPUBR EOBEHILICKRE IKFEL, (2)-14a-c, e TIHARIR
RRICHARTE LR T LZoIZR L, b 7t e 2 FVEEH T 5(+)-14d TIEHEAE FIEROK T
#ENTHY | BRI & FRREOMEZ R LT,

Table 5.5. Photophysical properties of benzofuranylmethylidene-benzoxasiloles and those derivatives in solid

state®.
compound  state fluorescence oF
Amax/ nM
(excited wavelength / nm) (excited wavelength / nm)
(x)-14a powder 489, 503 (420) 0.200 (420)
(x)-14b powder 479 (400) 0.179 (440)
(x)-14c powder 495 (430) 0.140 (430)
(x)-14d powder 518 (420) 0.418 (420)
(x)-14e powder 480 (400) 0.138 (400)
®Measured at 25 °C.
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Figure 5.56. Fluorescence spectra of (+)-14a in powder state (red line) and in solution state in CHCI; at 1.25 x
10° M at 25 °C (blue line).
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Figure 5.57. Fluorescence spectra of (+)-14b in powder state (red line) and in solution state in CHCI; at 1.25 x
10° M at 25 °C (blue line).
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Figure 5.58. Fluorescence spectra of (+£)-14c in powder state (red line) and in solution state in CHCI; at 1.25 x
10° M at 25 °C (blue line).
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Figure 5.59. Fluorescence spectra of (+)-14d in powder state (red line) and in solution state in CHCI; at 1.25 x
10° M at 25 °C (blue line).
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Figure 5.60. Fluorescence spectra of (+)-14e in powder state (red line) and in solution state in CHCI; at 1.25 x
10° M at 25 °C (blue line).
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Figure 5.61.  Structures of alkynylmethylidene-benzoxasiloles and benzofuranylmethylidene-benzoxasiloles.
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Figure 5.62.  Structures of silicon and carbon bridged ladder compounds.
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Figure 5.63. A structure of an anthracene derivative and its stacking structure.
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Figure 6.1 Molecular design concept for efficient solid-state emission.
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Chapter 1
Experimental Section

l. General

Anhydrous CH,Cl, (041-32345) was obtained from Wako, and used as received. Solvents for the
synthesis of substrates were dried over Molecular Sieves 4A (Wako) prior to use. Hg-binap and
segphos were obtained from Takasago International Corporation. All other reagents were obtained
from commercial sources and used as received. 1H and >C NMR data were collected on a Bruker
AVANCE III HD 400 (400 MHz) at ambient temperature unless otherwise noted. HRMS data were
obtained on a Bruker micrOTOF Focus II. A single crystal X-ray diffraction measurement was made
on XtalLAB mini II diffractometer using graphite monochromated Mo-Ka radiation. All reactions
were carried out under nitrogen or argon with magnetic stirring.

I1. Synthesis of substrates 2-Alkynylsilylethynlphenols

2-((Dimethyl(phenylethynyl)silyl)ethynyl)phenol (1a)

N

Me_ Me
Si

Me
=t — 7 S
Me
OH

To a solution of 2-(2-ethynylphenoxy)tetrahydro-2H-pyran® (1.72 g, 8.50 mmol) in THF (20
mL) was added a solution of ethyl magnesium bromide in Et,O (3.4 mL, 3 M, 10.2 mmol) at 0 °C.
The mixture was warmed to room temperature and stirred for 20 min. To the resulting mixture was
added a solution of bromodimethyl(phenylethynyl)silane® (2.86 g, 11.9 mmol) in THF (2.0 mL) at
0 °C and the mixture was reaflux for 2 h and cooled to room temperature. After stirring at room
temperature overnight, the reaction was quenched with aqueous saturated NH4Cl and extracted with
Et,0. The organic layer was dried over Na,SOy, filtered, and concentrated. The residue was roughly
purified by a silica gel column chromatography (n-hexane /EtOAc =20:1) to give the crude product.
To a solution of this crude product in MeOH (5.0 mL) was added pyridinium p-toluenesulfonate
(2.14 g, 8.53 mmol) and stirred for a few hours. The reaction was quenched with aqueous saturated
NaHCO; and extracted with CH,Cl,. The combined extract was dried over Na,SO; and
concentrated. The residue was purified by a silica gel column chromatography (n-hexane /EtOAc =
50:1) to give micture products. Crystalization of mixture products from n-heaxane afforded 1a (3.97
g, 4.00 mmol, 47 % yield) as a colorless solid.

'H NMR (CDCl;, 400 MHz) & 7.52-7.50 (m, 2H), 7.38 (dd, J = 7.7, 1.5 Hz, 1H), 7.35-7.28 (m,
3H), 7.27-7.24 (m, 1H), 6.95 (dd, J = 8.3, 0.7 Hz, 1H), 6.86 (dt, J = 7.6, 1.0 Hz, 1H), 5.87 (s, 1H),
0.51 (s, 6H); *C NMR (CDCls, 100 MHz) § 157.4, 132.1, 131.8, 131.1, 129.0, 128.3, 122.4, 120.2,
114.7,109.1, 106.4, 99.9, 98.9, 90.0,0.43 ; HRMS (ESI) calcd for C;sH;5sNaOSi [M+Na]" 275.0898,
found 275.0916.

2-((Diisopropyl(phenylethynyl)silyl)ethynyl)phenol (1b)

-Pry_,i-Pr

i-Pr j-Pr Si
@%S:i—H —_— @%S:i—CI — Z X
i-Pr i-Pr
OH

To a solution of diisopropyl(phenylethynyl)silanez) (1.30 g, 6.01 mmol) in CH,Cl, (12.0 mL)
was added a phosphorus pentachloride (2.50 g, 12.0 mmol) at room temperature and the mixture
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was stirred for 1 h. The solvent was concentrated under reduced pressure and n-hexane was added
to the residue. The resulting slurry was filtered through Celite and washed with n-hexane. The
filtrate was concentrated under reduced pressure. The residue was distilled under reduced pressure
(<1 mmHg) to give chlorodiisopropyl(phenylethynyl)silane (1.18 g, 4.70 mmol, 78% yield) as a
colorless oil. '"H NMR (CDCls, 400 MHz) & 7.53-7.50 (m, 2H), 7.38-7.30 (m, 3H), 1.28-1.20 (m,
2H), 1.18-1.14 (m, 12H).

To a solution of 2-(2-ethynylphenoxy)tetrahydro-2H-pyran” (0.63 g, 3.11 mmol) in Et,O (10 mL)
was added a solution of r-butyllithium in n-hexane (2.3 mL, 1.60 M, 3.7 mmol) at 0 °C. The
mixture was warmed to room temperature and stirred for 1 h. To the resulting mixture was added a
solution of chlorodiisopropyl(phenylethynyl)silane (1.18 g, 4.70 mmol) in Et,O (2.0 mL) at 0 °C
and the mixture was warmed to room temperature. After stirring at room temperature overnight, the
reaction was quenched with aqueous saturated NH4Cl and extracted with Et,O. The organic layer
was dried over Na,SOy, filtered, and concentrated. The residue was roughly purified by a silica gel
column chromatography (n-hexane/EtOAc =20:1) to give the crude product. To a solution of this
crude product in MeOH (5.0 mL) was added pyridinium p-toluenesulfonate (0.156 g, 0.621 mmol)
and stirred for a few hours. The reaction was quenched with aqueous saturated NaHCO; and
extracted with CH,Cl, twice. The combined extract was dried over Na,SO4 and concentrated. The
residue was purified by a silica gel column chromatography (n-hexane /EtOAc = 50:1) to give 1a
(0.810 g, 2.44 mmol, 79 % yield) as a colorless oil.

"H NMR (CDCls, 400 MHz) & 7.53—7.51 (m, 2H), 7.39 (dd, J = 7.7, 1.7 Hz, 1H), 7.35-7.28 (m,
3H), 7.28-7.24 (m, 1H), 6.95 (dd, J = 8.3, 0.4 Hz, 1H), 6.86 (td, J = 7.6, 2.7 Hz, 1H), 5.89 (s, 1H),
1.20 (s, 14H); *C NMR (CDCls, 100 MHz) & 157.5, 132.2, 131.8, 131.0, 128.9, 128.2, 122.7, 120.2,
114.6, 109.3, 107.7, 101.1, 96.1, 87.0, 17.8, 17.7, 12.4; HRMS (ESI) calcd for CyH»4NaOSi
[M+Na]" 355.1489, found 355.1501.

2-((Diisopropyl(5-phenylpent-1-yn-1-yl)silyl)ethynyl)phenol (1¢)

i-Pr_ ,i-Pr
Si

@\/ \/\/Ph
OH

The title compound was prepared by the procedure used for 1b using diisopropyl(5-phenyl-1-
pentynyl)silane, which was synthesized as shown below, instead of diisopropyl(phenyl-
ethynyl)silane.

To a solution of pent-4-yn-1-ylbenzene (1.15 g, 8.00 mmol) in Et;O (10 mL) was added a
solution of n-butyllithium in n-hexane (4.5 mL, 1.60 M, 9.60 mmol) at 0 °C. The mixture was
stirred at room temperature for 1 h. To the resulting mixture was added a solution of
chlorodiisopropylsilane (904 mg, 6.00 mmol) in Et,O (2.0 mL) at 0 °C and the mixture was warmed
to room temperature. After stirring at room temperature overnight, the reaction was quenched with
aqueous saturated NH4Cl and extracted with Et;O. The organic layer was dried over Na;SOy,
filtered, and concentrated. The residue was purified by a silica gel column chromatography (n-
hexane) to give diisopropyl(5-phenylpent-1-yn-1-yl)silane (1.21 g, 4.70 mmol, 58% yield) as a
colorless oil. '"H NMR (CDCls, 400 MHz) & 7.26-7.26 (m, 2H), 7.20-7.17 (m, 3H), 3.69 (s, 1H),
2.75 (t,J = 7.6 Hz, 2H), 2.27 (td, J = 7.0, 0.8 Hz, 2H), 1.18 (quintet, J = 7.3 Hz, 2H), 1.09-1.00 (m,
14H).

Pale yellow oil; '"H NMR (CDCls, 400 MHz) & 7.37 (dd, J = 8.0, 1.6 Hz, 1H), 7.30-7.23 (m, 3H),
7.20-7.17 (m, 3H), 6.94 (dd, J = 8.4, 0.8 Hz, 1H), 6.85 (td, J = 7.2, 2.7 Hz, 1H), 2.76 (t, J = 3.6 Hz,
2H), 2.30 (t, J = 7.0 Hz, 2H), 1.87 (quintet, J = 7.3 Hz, 2H), 1.18-1.05 (m, 14H); >*C NMR (CDCl;,
100 MHz) § 157.4, 141.5, 131.7, 130.9, 128.5, 128.4, 125.9, 120.2, 114.6, 110.0, 109.4, 100.6, 96.7,
77.9, 34.7, 30.2, 19.4, 17.74, 17.68, 12.3; HRMS (ESI) calcd for C,sH»O0Si [M—H] 373.1993,
found 373.2003.
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2-((Diisopropyl((4-(trifluoromethyl)phenyl)ethynyl)silyl)ethynyl)phenol (1d)

i-Pr ,i-Pr
Si

@K \Q
OH CF,

The title compound was prepared by the procedure used for 1b using diisopropyl((4-
(trifluoromethyl)phenyl)ethynyl)silane, which was synthesized as shown below, instead of
diisopropyl(phenylethynyl)silane.

To a solution of 1-ethynyl-4-(trifluoromethyl)benzene (1.02 g, 6.00 mmol) in Et,O (10 mL) was
added a solution of n-butyllithium in n-hexane (3.4 mL, 1.60 M, 5.5 mmol) at 0 °C. The mixture
was stirred at room temperature for 1 h. To the resulting mixture was added a solution of
chlorodiisopropylsilane (754 mg, 5.00 mmol) in Et;O (2.0 mL) at 0 °C and the mixture was warmed
to room temperature. After stirring at room temperature overnight, the reaction was quenched with
aqueous saturated NH4Cl and extracted with Et,O. The organic layer was dried over Na;SOy,
filtered, and concentrated. The residue was purified by a silica gel column chromatography (n-
hexane) to give Diisopropyl((4-(trifluoromethyl)phenyl)ethynyl)silane (1.35 g, 4.70 mmol, 95%
yield) as a colorless oil. 'H NMR (CDCls, 400 MHz) & 7.60—7.55 (m, 4H), 3.84 (s, 1H), 1.14-1.12
(m, 14H).

Pale yellow oil; '"H NMR (CDCls, 400 MHz) & 7.62 (d, J = 6.8 Hz, 2H), 7.58 (d, J = 6.8 Hz, 2H),
7.39 (dd, J = 7.7, 1.4 Hz, 1H) 7.30-7.26 (m, 1H), 6.96 (dd, J = 8.3, 0.7 Hz, 1H), 6.87 (td, J = 7.6,
2.7 Hz, 1H), 5.85 (s, 1H), 1.20 (s, 14H); >*C NMR (CDCls, 100 MHz) § 157.5, 132.5, 131.8, 131.1,
130.5 (q, J = 6.8 Hz), 126.39, 126.37, 125.2 (q, J = 3.8 Hz), 123.8 (q, J = 270.6 Hz), 120.3, 114.7,
109.1, 105.8, 101.5, 95.4, 90.2, 17.71, 17.69, 12.3; HRMS (ESI) calcd for C,,H»4NaOSi [M+Na]"
355.1489, found 355.1501.

2-((Diisopropyl(p-tolylethynyl)silyl)ethynyl)phenol (1e)

i-Pr ,i-Pr
Si

CK \Q
OH Me

The title compound was prepared by the procedure used for 1b using diisopropyl(p-
tolylethynyl)silane, which was synthesized as shown below, instead of diisopropyl(phenyl-
ethynyl)silane

To a solution of 1-ethynyl-4-methylbenzene (1.21 g, 10.4 mmol) in Et,O (20 mL) was added a
solution of n-butyllithium in n-hexane (6.0 mL, 1.60 M, 9.60 mmol) at 0 °C. The mixture was
stirred at room temperature for 1 h. To the resulting mixture was added a solution of
chlorodiisopropylsilane (1.21 g, 8.00 mmol) in Et,O (2.0 mL) at 0 °C and the mixture was warmed
to room temperature. After stirring at room temperature overnight, the reaction was quenched with
aqueous saturated NH4Cl and extracted with Et,O. The organic layer was dried over Na;SOy,
filtered, and concentrated. The residue was purified by a silica gel column chromatography (n-
hexane) to give diisopropyl(p-tolylethynyl)silane (1.73 g, 7.52 mmol, 94% yield) as a colorless oil.
"H NMR (CDCl3, 400 MHz) & 7.38 (d, J = 8.1 Hz, 2H), 7.11 (t, J = 7.9 Hz, 2H), 3.82 (s, 1H), 2.34
(s, 3H), 1.14-1.10 (m, 14H).

Pale yellow oil; '"H NMR (CDCls, 400 MHz) § 7.42—7.37 (m, 3H), 7.28-7.24 (m, 2H) 7.12 (d, J
= 6.8 Hz, 2H), 6.95 (dd, J = 8.3, 0.7 Hz, 1H), 6.86 (td, J = 7.6, 2.7 Hz, 1H), 5.89 (s, 1H), 2.35 (s,
3H), 1.22-1.16 (m, 14H); *C NMR (CDCl;, 100 MHz) § 157.5, 139.2, 132.1, 131.8, 130.9, 129.0,
120.2, 119.6, 114.6, 109.3, 108.0, 101.0, 96.2, 86.1, 21.5, 17.8, 17.7, 12.4; HRMS (ESI) calcd for
C3Hys0Si [M-H] 345.1680, found 345.1675.
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2-((Diisopropyl(naphthalen-1-ylethynyl)silyl)ethynyl)phenol (1f)

-Pry_I-Pr

Si
o O
OH

The title compound was prepared by the procedure used for 1b using
diisopropyl(naphthalen-1-ylethynyl)silane, which was synthesized as shown below, instead of
diisopropyl(phenyl-ethynyl)silane.

To a solution of 1-ethynylnaphthalene (773 mg, 5.00 mmol) in Et;0 (10 mL) was added a
solution of n-butyllithium in n-hexane (2.90 mL, 1.60 M, 4.64 mmol) at 0 °C. The mixture was
stirred at room temperature for 1 h. To the resulting mixture was added a solution of
chlorodiisopropylsilane (633 mg, 4.20 mmol) in Et,O (2.0 mL) at 0 °C and the mixture was warmed
to room temperature. After stirring at room temperature overnight, the reaction was quenched with
aqueous saturated NH4Cl and extracted with Et,O. The organic layer was dried over Na;SOs,
filtered, and concentrated. The residue was purified by a silica gel column chromatography
(n-hexane) to give 1f (987 mg, 3.70 mmol, 88% yield) as a colorless oil. 'H NMR (CDCls, 400
MHz) 6 8.37 (d, J = 8.7 Hz, 1H), 7.87-7.82 (m, 2H), 7.73 (dd, J = 7.2, 1.1 Hz, 1H), 7.60-7.56 (m,
1H), 7.54-7.50 (m, 1H), 7.43-7.40 (m, 1H), 3.95 (s, 1H), 1.21-1.18 (m, 14H).

Colorless oil; "H NMR (CDCls, 400 MHz) 6 7.85 (d, J = 8.3 Hz, 2H), 7.77 (d, J = 7.1, 1.1 Hz,
1H) 7.77 (dd, J = 7.1, 1.1 Hz, 1H), 7.61-7.57 (m, 1H), 7.54-7.50 (m, 1H), 7.44-7.40 (m, 2H),
7.29-7.24 (m, 1H), 6.96 (dd, J = 8.3, 0.7 Hz, 1H), 6.87 (td, J = 7.6, 1.1 Hz, 1H), 5.92 (s, 1H), 1.29—
1.26 (m, 14H); *C NMR (CDCls, 100 MHz) & 157.5, 133.5, 133.1, 131.8, 131.5, 131.0, 129.5,
128.3, 127.1, 126.5, 126.1, 125.1, 120.3, 120.2, 114.7, 109.3, 105.7, 101.2, 96.1, 92.2, 17.9, 17.8,
12.5; HRMS (ESI) calcd for Cy6H»50S1 [M—H]™ 381.1680, found 381.1668.

2-((Diisopropyl(thiophen-3-ylethynyl)silyl)ethynyl)phenol (1g)

-Pr_,i-Pr

The title compound was prepared by the procedure used for 1b using
diisopropyl(thiophen-3-ylethynyl)silane, which was synthesized as shown below, instead of
diisopropyl(phenyl-ethynyl)silane.

To a solution of 3-ethynylthiophene (1.00 g, 9.24 mmol) in Et,O (10 mL) was added a solution of
n-butyllithium in n-hexane (4.7 mL, 1.64 M, 7.71 mmol) at 0 °C. The mixture was stirred at room
temperature for 1 h. To the resulting mixture was added a solution of chlorodiisopropylsilane (633
mg, 4.20 mmol) in Et,0 (2.0 mL) at 0 °C and the mixture was warmed to room temperature. After
stirring at room temperature overnight, the reaction was quenched with aqueous saturated NH4Cl
and extracted with Et,O. The organic layer was dried over Na,SOy, filtered, and concentrated. The
residue was purified by a silica gel column chromatography (n-hexane) to give 1g (1.55 g, 6.97
mmol, 99% yield) as a colorless oil. 'H NMR (CDCl;, 400 MHz) ¢ 7.50 (dd, J = 3.0, 1.2 Hz, 1H),
7.26-7.23 (m, 1H), 7.14 (dd, J = 5.0, 1.2 Hz, 1H), 3.82 (s, 1H), 1.13-1.10 (m, 14H).

Pale yellow oil; '"H NMR (CDCls, 400 MHz) & 7.56 (dd, J = 3.2, 1.2 Hz, 1H), 7.38 (dd, J = 8.0,
1.6 Hz, 1H), 7.29-7.24 (m, 2H), 7.17 (dd, J = 5.2, 1.2 Hz, 1H), 6.95 (dd, J = 8.4, 0.8 Hz, 1H), 6.87
(td, J = 7.4, 2.7 Hz, 1H), 5.88 (s, 1H), 1.21-1.114 (m, 14H); >C NMR (CDCl;, 100 MHz)  157.5,
131.8, 131.0, 130.4, 130.2, 125.3, 121.9, 120.2, 114.6, 109.3, 102.4, 101.1, 96.0, 86.8, 17.75, 17.72,
12.4; HRMS (ESI) caled for C0H»;0SSi [M—H] 337.1088, found 337.1087.
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2-((Hex-1-yn-1-yldiisopropylsilyl)ethynyl)phenol (1h)

- Pr\ ,/ -Pr

@\/\

The title compound was synthesized by the procedure wused for 1b using
hex-1-yn-1-yldiisopropylsilane® instead of diisopropyl(phenylethynyl)silane. Colorless oil; 'H
NMR (CDCls, 400 MHz) 6 7.36 (dd, J = 7.7, 1.4 Hz, 1H), 7.27-7.23 (m, 1H) 6.94 (d, J = 8.3, 0.7
Hz, 1H), 6.85 (td, J = 7.5, 1.1 Hz, 1H), 5.88 (s, 1H), 2.23 (t, J = 7.0 Hz, 2H), 1.58-1.51 (m, 2H),
1.49-1.40 (m, 2H), 1.15-1.02 (m, 14H), 0.92 (t, J = 7.3 Hz, 3H); °*C NMR (CDCl;, 100 MHz) &
157.4,131.7, 130.8, 120.2, 114.6, 110.6, 109.4, 100.5, 96.8, 77.1, 30.6, 21.9, 19.6, 17.7, 17.6, 13.5,
12.3; HRMS (ESI) calcd for C,0H,70Si [M—H] 311.1837, found 311.1812.

2-(((3,3-Dimethylbut-1-yn-1-yl)diisopropylsilyl)ethynyl)phenol (1i)

i-Pr_ ,i-Pr
Si

@f -
t-Bu
OH

The title compound was synthesized by the procedure wused for 1b using
(3,3-dimethylbut-1-yn-1-yl)diisopropylsilane, which was synthesized as shown below, instead of
diisopropyl(phenylethynyl)silane.

To a solution of 3,3-dimethylbut-1-yne (1.15 g, 14.0 mmol) in Et;O (20 mL) was added a
solution of n-butyllithium in n-hexane (7.3 mL, 1.64 M, 12.0 mmol) at 0 °C. The mixture was
stirred at room temperature for 1 h. To the resulting mixture was added a solution of
chlorodiisopropylsilane (1.51 g, 10.0 mmol) in Et,O (2.0 mL) at 0 °C and the mixture was warmed
to room temperature. After stirring at room temperature overnight, the reaction was quenched with
aqueous saturated NH4Cl and extracted with Et,O. The organic layer was dried over Na;SOs,
filtered, and concentrated. The residue was purified by a silica gel column chromatography
(n-hexane) to give 1i (1.62 g, 8.26 mmol, 83% yield) as a colorless oil. "H NMR (CDCls, 400 MHz)
02.169 (s, 1H), 1.24 (s, 9H), 1.06-1.03 (m, 14H).

1i: Pale yellow oil; 'H NMR (CDCls, 400 MHz) 6 7.36 (dd, J = 7.6, 1.6 Hz, 1H), 7.27-7.23 (m,
1H), 6.95 (dd, J = 8.2, 0.8 Hz, 1H), 6.85 (td, J = 7.4, 2.7 Hz, 1H), 5.91 (s, 1H) 1.26 (s, 9H), 1.13—
1.09 (m, 14H); °C NMR (CDCl;, 100 MHz) & 157.5, 131.6, 130.8, 120.1, 119.0, 114.5, 109.5,
100.4, 97.1, 74.8, 30.8, 28.3, 17.7, 17.6, 12.3; HRMS (ESI) calcd for C,0H,70Si [M-H] 311.1837,
found 311.1834.

2-((Diisopropyl(phenylethynyl)silyl)ethynyl)-4-(trifluoromethyl)phenol (1j)

i-Pry ,i-Pr
Si

OH

The title compound was prepared by the procedure used for 1b using 2-(2-ethynyl-4-
(trifluoromethyl)phenoxy)tetrahydro-2H-pyran, instead of 2-(2-ethynylphenoxy)tetrahydro-2H-
pyran. Pale yellow oil; "H NMR (CDCl;, 400 MHz) 6 7.66 (d, J = 6.8 Hz, 1H), 7.54-7.50 (m, 3H),
7.38-7.30 (m, 3H), 7.04 (d, J = 6.8 Hz, 1H), 1.20 (s, 14H); **C NMR (CDCl3, 100 MHz) & 159.78,
159.77, 132.2, 129.2 (q, J = 3.9 Hz), 129.1, 128.3, 127.9 (q, J = 3.6 Hz), 123.8 (q, J = 269.7 Hz),
123.0 (q, J =33.0 Hz), 122.5, 115.1, 109.8, 108.0, 99.2, 98.0, 86.5, 17.75, 17.69, 12.3; HRMS (ESI)
caled for C3H2,F30Si [M—-H]™ 399.1398, found 399.1374.
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2-((Diisopropyl(phenylethynyl)silyl)ethynyl)-4-methylphenol (1k)

i-Pr_ ,i-Pr
Si

OH

The title compound was prepared by the procedure used for 1b using
2-(2-ethynyl-4-methylphenoxy)tetrahydro-2 H-pyran, instead of
2-(2-ethynylphenoxy)tetrahydro-2H-pyran. Pale yellow oil; '"H NMR (CDCls, 400 MHz) & 7.53—
7.50 (m, 2H), 7.35-7.29 (m, 3H) 7.19 (d, J = 2.2 Hz, 2H), 7.06 (dd, J = 8.4, 2.2 Hz, 1H), 6.84 (d, J
= 8.4 Hz, 1H), 5.72 (s, 1H), 2.25 (s, 3H), 1.22—1.13 (m, 14H); °C NMR (CDCls, 100 MHz) & 155.4,
132.2, 131.83, 131.76, 129.4, 128.9, 128.2, 122.7, 114.3, 108.9, 107.6, 101.4, 95.6, 87.1, 20.3, 17.8,
17.7, 12.4; HRMS (ESI) caled for C,3H,50S1 [M—H]™ 345.1680, found 345.1682.

2-((Diisopropyl(phenylethynyl)silyl)ethynyl)-4-methoxyphenol (11)
i-Pr ,i-Pr
Si

OH

The title compound was prepared by the procedure used for 1b using
2-(2-ethynyl-4-methoxyphenoxy)tetrahydro-2 H-pyran, instead of
2-(2-ethynylphenoxy)tetrahydro-2H-pyran. Pale yellow oil; '"H NMR (CDCls, 400 MHz) & 7.53—
7.51 (m, 2H), 7.35-7.26 (m, 3H), 6.89-6.84 (m, 3H), 3.75 (s, 3H), 1.23-1.17 (m, 14H); °C NMR
(CDClI3, 100 MHz) 6 152.9, 152.0, 132.2, 128.9, 128.2, 122.6, 118.3, 115.6, 115.2, 109.2, 107.7,

101.2, 95.8, 86.9, 55.9, 17.8, 17.7, 12.4; HRMS (ESI) caled for C»3H»50,S1 [M-H] 361.1629 found
361.1643.

2-((Diisopropyl(phenylethynyl)silyl)ethynyl)naphthalen-1-ol (1m)

-Pry_i-Pr

Si
cdine
™

The title compound was prepared by the procedure used for 1b using 2-((2-ethynylnaphthalen-1-
yl)oxy)tetrahydro-2H-pyran, instead of 2-(2-ethynylphenoxy)tetrahydro-2H-pyran. Colorless oil; 'H
NMR (CDCls, 400 MHz) 6 8.24-8.22 (m, 1H) 7.77-7.74 (m, 1H), 7.55-7.49 (m, 4H), 7.38 (d, J =
8.5 Hz, 1H), 7.35-7.25 (m, 4H), 6.48 (s, 1H), 1.25-1.199 (m, 14H); °C NMR (CDCl;, 100 MHz) &
155.2, 134.7, 132.3, 128.9, 128.2, 127.61, 127.59, 127.0, 125.8, 123.1, 122.7, 122.4, 120.0, 107.6,

102.5, 101.9, 96.4, 87.1, 17.82, 17.77, 12.5; HRMS (ESI) calcd for C,6H,50S1 [M—H] 381.1680,
found 381.1695.

2-((Diisopropyl((trimethylsilyl)ethynyl)silyl)ethynyl)phenol (1n)
i-Pr ,i-Pr
Si
SiMej3
OH
The title compound was prepared by the procedure used for la using
((diisopropylsilyl)ethynyl)trimethylsilane® instead of diisopropyl(phenylethynyl)silane. Colorless
oil; "H NMR (CDCls, 400 MHz) & 7.36 (dd, J = 7.7, 1.6 Hz, 1H), 7.28-7.24 (m, 1H) 6.95 (dd, J =
8.3, 0.8 Hz, 1H) 6.86 (td, J= 7.5, 1.1 Hz, 1H) 5.86 (s, 1H), 1.16-1.07 (m, 14H), 0.20 (s, 9H); "°C
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R

NMR (CDCls, 100 MHz) 6 157.5, 131.7, 130.9, 120.2, 117.6, 114.6, 109.3, 106.1, 100.9, 96.1, 17.7,
17.6, 12.2; HRMS (ESI) calcd for Ci9H»70S1, [M—H] 327.1606 found 311.1635.

2-((Diisopropyl((trimethylsilyl)ethynyl)silyl)ethynyl)-4-methylphenol (10)

i- Pr\ ,/ -Pr

@\/ S,

The title compound was prepared by the procedure used for 1b using
((diisopropylsilyl)ethynyl)trimethylsilane and 2-(2-ethynyl-4-methylphenoxy)tetrahydro-2H-pyran,
instead of chlorodiisopropyl(phenylethynyl)silane and 2-(2-ethynylphenoxy)tetrahydro-2H-pyran,
respectively. Colorless oil; 'H NMR (CDCls, 400 MHz) & 7.17 (d, J = 2.0 Hz, 1H), 7.04 (dd, J =
8.4,2.4 Hz, 1H), 6.84 (d, J = 8.0 Hz, 1H), 5.71 (s, 1H), 2.24 (s, 3H), 1.15-1.10 (m, 14H); *C NMR
(CDCl3, 100 MHz) & 155.4, 131.76, 131.73, 129.4, 117.5, 114.4, 108.9, 106.1, 101.3, 95.6, 20.3,
17.7,17.6, 12.2,-0.2; HRMS (ESI) calcd for C,0H;;0Si, [M—H] 341.1762, found 341.1756.

2-((Diphenyl((trimethylsilyl)ethynyl)silyl)ethynyl)phenol (1p)
Ph\Si'Ph
AN
SiMes
OH

The title compound was prepared by the procedure used for 1b using
((diphenylsilyl)ethynyl)trimethylsilane” instead of diisopropyl(phenylethynyl)silane. Pale yellow
oil; "H NMR (CDCls, 400 MHz) § 7.80—7.78 (m, 4H), 7.45-7.41 (m, 7H), 7.27 (t, J = 7.8 Hz, 1H),
6.95 (d, J = 8.3 Hz, 1H), 6.87 (t, J = 7.5 Hz, 1H), 5.87 (s, 1H), 0.26— 0.25 (m, 9H); °C NMR
(CDCl3, 100 MHz) & 157.8, 134.8, 132.3, 132.0, 131.4, 130.4, 128.2, 120.3, 119.9, 114.9, 108.8,
105.6, 102.7, 96.1, —0.3; HRMS (APCI) calcd for CasH,50Si, [M+H]" 397.1444, found 397.1456.

I11. Rhodium-Catalyzed Cycloisomerization

Representative procedure-1 (Table 1-2, 2b): [Rh(cod),]BF4 (2.0 mg, 0.0050 mmol) and BIPHEP
(2.6 mg, 0.0050 mmol) were dissolved in CH,Cl, (2.0 mL) and the solution was stirred at room
temperature for 30 min. H, was introduced to the resulting solution in a Schlenk tube. After stirring
at room temperature for 30 min, the resulting mixture was concentrated to dryness and dissolved in
CH,CI; (0.5 mL). To the residue was added a CH,Cl, (1.5 mL) solution of 1b (33.3 mg, 0.100
mmol) at room temperature. The mixture was stirred at room temperature for 14 h. The resulting
solution was concentrated and purified by a preparative TLC (n-hexane/Et,O = 10:1), which
furnished 2b (29.2 mg, 0.0879 mmol, 88% yield) as a brown oil. The stereochemistry of the title
compound was determined by analogy to 4, the stereochemistry of which was determined by the X-
ray crystallographic analysis [See: section V (crystal data of 8)].

(Z2)-2,2-Dimethyl-3-(3-phenylprop-2-yn-1-ylidene)-2,3-dihydrobenzo[d][1,2] oxasilole (2a)

The yield of 2a was determined by 'H NMR using 1,4-dimethoxybenzene as an internal standard,
since 2a could not be isolated in a pure form due to its instability on a silica gel. The
stereochemistry of the title compound was determined by analogy to 4.

Brown oil; 'H NMR (CDCls, 400 MHz) § 7.50-7.48 (m, 1H), 7.44-7.42 (m, 2H), 7.36-7.33 (m,
2H), 7.22-7.18 (m, 1H), 6.90 (d, J = 7.5 Hz, 1H), 6.72 (s, 1H), 0.59 (s, 6H) ; HRMS (APCI) calcd
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for CisH;50S1 [M—H] 275.0916, found 275.0898.

(£)-2,2-Diisopropyl-3-(3-phenylprop-2-yn-1-ylidene)-2,3-dihydrobenzo|d][1,2] oxasilole (2b)

Brown oil; 'H NMR (CDCls, 400 MHz) & 7.48 (d, J = 7.7 Hz, 1H), 7.44-7.41 (m, 2H), 7.36-7.32
(m, 3H), 7.20-7.16 (m, 1H), 6.92 (d, J = 8.1 Hz), 6.88-6.84 (m, 2H), 1.50-1.41 (m, 2H), 1.17 (d, J
= 7.5 Hz, 6H), 1.15 (d, J = 7.4 Hz, 6H); °C NMR (CDCls, 100 MHz) & 161.4, 146.2, 131.3, 130.7,
130.3, 128.5, 128.3, 123.4, 120.6, 120.3, 115.4, 112.0, 93.0, 91.5, 17.1, 16.9, 12.6; HRMS (APCI)
caled for CorHasOSi [M+H]" 333.1669, found 333.1684.

Representative procedure: [Rh(cod),|BF4 (2.0 mg, 0.0050 mmol) and BIPHEP (2.6 mg, 0.0050
mmol) were dissolved in CH,Cl, (2.0 mL) and the solution was stirred at room temperature for 30
min. H, was introduced to the resulting solution in a Schlenk tube. After stirring at room
temperature for 30 min, the resulting mixture was concentrated to dryness and dissolved in CH,Cl,
(0.5 mL). To the residue was added a CH,Cl, (1.5 mL) solution of 1¢ (37.5 mg, 0.100 mmol) and
MeOH (6.00 pl, 0.148 mmol) at room temperature. The mixture was stirred at room temperature for
14 h. The resulting solution was concentrated and purified by a preparative TLC (n-hexane/ Et,0 =
10:1), which furnished 2¢ (33.3 mg, 0.0888 mmol, 89% yield) as a yellow oil. The stereochemistry
of the title compound was determined by analogy to 4, the stereochemistry of which was
determined by the NOESY cross peak, the stereochemistry of which was determined by the X- ray
crystallographic analysis [See: section V (crystal data of 8)].

(Z2)-2,2-Diisopropyl-3-(6-phenylhex-2-yn-1-ylidene)-2,3-dihydrobenzo|d][1,2]oxasilole (2¢)

,/ X Ph
0-Si~ipr
i-Pr

The stereochemistry of the title compound was determined by analogy to 4. 33.3 mg, 89% yield,
yellow oil; "H NMR (CDCls, 400 MHz) § 7.42 (dd, J = 7.6, 1.6 Hz, 1H), 7.31-7.27 (m, 2H), 7.21—
7.16 (m, 3H), 7.14-7.12 (m, 1H), 6.89 (d, J = 8.0 Hz, 1H), 6.85-6.81 (m, 1H), 6.63 (t, J = 2.2 Hz,
1H), 2.74 (t, J = 7.6 Hz, 2H), 2.39 (td, J = 7.2, 2.7 Hz, 2H), 1.87 (quintet, J = 7.4 Hz, 2H), 1.40
(septet, J = 7.5 Hz, 2H), 1.13-1.10 (m, 12H); °C NMR (CDCls, 100 MHz) & 161.1, 144.4, 141.5,
130.2, 130.2, 128.5, 128.4, 126.0, 120.4, 120.1, 115.3, 112.9, 94.0, 82.9, 35.0, 30.2, 19.3, 17.1, 16.9,

12.5; HRMS (APCI) calcd for C,5H3,0Si [M+H]" 375.2139, found 375.2134.

(£)-2,2-Diisopropyl-3-(3-(4-(trifluoromethyl)phenyl)prop-2-yn-1-ylidene)-2,3-dihydrobenzo-
[d][1,2]oxasilole (2d)

The stereochemistry of the title compound was determined by analogy to 4. 37.6 mg, 94% yield,
brown solid; Mp 53.5-55.2 °C; 'H NMR (CDCls, 400 MHz) & 7.59 (d, J = 8.3 Hz, 2H), 7.52-7.47
(m, 3H), 7.22-7.18 (m, 1H), 6.93 (d, J = 8.1 Hz, 1H), 6.89-6.85 (m, 1H), 6.82 (s, 1H), 1.46 (septet,
J=17.5Hz, 2H), 1.17 (d, J = 7.7 Hz, 6H), 1.15 (d, J = 7.6 Hz, 6H); °*C NMR (CDCls, 100 MHz) &
161.6, 148.1, 131.4, 131.2, 130.0, 129.9 (q, J = 32.6 Hz), 127.2, 125.4 (q, J = 3.8 Hz), 123.9 (q, J =
270.5 Hz), 120.8, 120.4, 115.6, 111.1, 93.9, 91.3, 17.1, 16.9, 12.6; HRMS (APCI) calcd for
C,3Ha3F308i [M]" 400.1465, found 400.1477.
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(£)-2,2-Diisopropyl-3-(3-(p-tolyl)prop-2-yn-1-ylidene)-2,3-dihydrobenzo[d][1,2]oxasilole
(2¢)

The stereochemistry of the title compound was determined by analogy to 4. 27.3 mg, 72% yield,
brown oil; 'H NMR (CDCls, 400 MHz) & 7.47 (d, J = 7.7, 1.2 Hz, 1H), 7.32 (d, J = 8.0 Hz, 1H),
7.19-7.13 (m, 3H), 6.91 (d, J = 8.1 Hz, 1H), 6.87-6.83 (m, 2H), 2.36 (s, 3H), 1.46 (septet, J = 7.5
Hz, 2H), 1.16 (d, J = 11.2 Hz, 6H), 1.15 (d, J = 11.1 Hz, 6H); >C NMR (CDCl;, 100 MHz) & 161 .4,
145.6, 138.5, 131.2, 130.6, 130.3, 129.2, 120.6, 120.3, 120.2, 115.4, 112.2, 93.3, 90.9, 21.5, 17.1,
16.9, 12.6; HRMS (APCI) calcd for Cp3H,;,0Si [M+H]" 347.1826, found 347.1838.

(£)-2,2-Diisopropyl-3-(3-(naphthalen-1-yl)prop-2-yn-1-ylidene)-2,3-dihydrobenzo[d][1,2]-0x
asilole (2f)

The stereochemistry of the title compound was determined by analogy to 4. 37.3 mg, 92% yield,
red solid; Mp 73.0-75.0 °C; 'H NMR (CDCls, 400 MHz) & 8.36-8.34 (m, 1H), 7.87—7.82 (m, 2H),
7.64 (dd, J = 7.1, 1.0 Hz, 1H), 7.60-7.51 (m, 3H), 7.45 (dd, J = 8.2, 7.2 Hz, 1H), 7.22-7.18 (m,
1H), 7.02 (s, 1H), 6.94 (dd, J = 8.1, 0.7 Hz, 1H), 6.89 (td, J = 7.5, 1.1 Hz, 1H), 1.55-1.45 (m, 2H),
1.19 (d, J = 7.6 Hz, 6H), 1.17 (d, J = 7.5 Hz, 6H); °C NMR (CDCls, 100 MHz) & 161.5, 146.2,
133.24, 133.16, 130.8, 130.3, 130.1, 128.8, 128.3, 126.7, 126.5, 126.2, 125.3, 121.1, 120.7, 120.3,
115.5, 112.1, 96.2, 91.4, 17.2, 16.9, 12.7; HRMS (APCI) calcd for C,sH,70Si [M+H]" 383.1826,
found 383.1820.

(Z2)-2,2-Diisopropyl-3-(3-(thiophen-3-yl)prop-2-yn-1-ylidene)-2,3-dihydrobenzo|d][1,2] oxa-si
lole (2g)

i-Pr s

The stereochemistry of the title compound was determined by analogy to 4. 28.3 mg, 83% yield,
yellow oil; "H NMR (CDCl;, 400 MHz) 6 7.47 (dd, J = 7.6, 1.2 Hz, 1H), 7.42 (dd, J = 3.0, 1.2 Hz,
1H), 7.29 (dd, J = 5.0, 2.8 Hz, 1H), 7.20-7.16 (m, 1H), 7.10 (dd, J = 5.0, 1.2 Hz, 1H), 6.91 (d, J =
8.0 Hz, 1H), 6.86 (dd, J = 7.4, 2.7 Hz, 1H), 6.80 (s, 1H), 1.45 (septet, J = 7.5 Hz, 2H), 1.17 (d, J =
7.6 Hz, 6H), 1.14 (d, J = 7.6 Hz, 6H); >C NMR (CDCls, 100 MHz) & 161.4, 146.0, 130.7, 130.3,
129.5, 128.3, 125.6, 122.5, 120.6, 120.3, 115.4, 111.9, 91.1, 88.2, 17.12, 16.9, 12.6; HRMS (APCI)
calced for C,oH»30SSi1 [MJrH]+ 339.1233, found 339.1237.

(£)-3-(Hept-2-yn-1-ylidene)-2,2-diisopropyl-2,3-dihydrobenzo[d][1,2]oxasilole (2h)

7N
0-Si~ipr N-Bu
i-Pr
The stereochemistry of the title compound was determined by analogy to 4. 28.8 mg, 92% yield,
brown oil; "H NMR (CDCls, 400 MHz) & 7.41 (dd, J = 7.7, 1.3 Hz, 1H), 7.15-7.11 (m, 1H), 6.88 (d,
J =28.1 Hz, 1H), 6.82 (td, J = 7.5, 0.9 Hz, 1H), 6.61 (t, J = 2.2 Hz, 1H), 2.37 (td, J = 6.9, 2.2 Hz,
2H), 1.57-1.33 (m, 6H), 1.13-1.04 (m, 12H), 0.93 (t, J = 7.2 Hz, 3H); >C NMR (CDCls, 100 MHz)
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d161.1, 144.1, 130.3, 130.1, 120.4, 120.1, 115.2, 113.1, 94.6, 82.4, 30.7, 22.0, 19.5, 17.1, 16.8, 13.6,
12.5; HRMS (APCI) calcd for Co0H0Si [M+H]" 313.1982, found 313.1993.

(£)-3-(4,4-Dimethylpent-2-yn-1-ylidene)-2,2-diisopropyl-2,3-dihydrobenzo|d][1,2] oxasilole
(2i)

7
O-Si~ipr tBU
i-Pr
The stereochemistry of the title compound was determined by analogy to 4. 24.0 mg, 77% yield,

yellow oil; '"H NMR (CDCls, 400 MHz) & 7.40 (dd, J = 7.6, 1.2 Hz, 1H), 7.15-7.11 (m, 1H), 6.88
(dd, J = 8.2, 0.8 Hz, 1H), 6.82 (td, J = 7.4, 2.7 Hz, 1H), 6.63 (s, 1H), 1.40 (septet J = 7.5 Hz, 2H),
1.27 (s, 9H), 1.14 (d, J = 7.2 Hz, 6H), 1.11 (d, J = 7.2 Hz, 6H) ; >C NMR (CDCls, 100 MHz) &
161.1, 143.5, 130.4, 130.1, 120.3, 120.1, 115.3, 113.3, 102.4, 80.9, 30.8, 28.3, 17.2, 16.9, 12.6;
HRMS (APCI) calcd for C2oH290Si [M+H]" 313.1982, found 313.1988.

(Z2)-2,2-Diisopropyl-3-(3-phenylprop-2-yn-1-ylidene)-5-(trifluoromethyl)-2,3-dihydrobenzo-|
d][1,2]oxasilole (2j)

The stereochemistry of the title compound was determined by analogy to 4. 28.7 mg, 72% yield,
yellow solid; Mp 86.0-87.5 °C; 'H NMR (CDCls, 400 MHz) & 7.72 (s, 1H), 7.43-7.41 (m, 3H),
7.35-7.34 (m, 3H), 6.98 (d, J = 8.5 Hz, 1H), 6.92 (d, J = 1.2 Hz, 1H), 1.53-1.43 (m, 2H), 1.19-
1.13 (m, 12H); *C NMR (CDCls, 100 MHz) & 163.66, 163.65, 144.3, 131.4, 130.6, 128.6, 128.5,
127.5 (q,J = 3.6 Hz), 124.5 (q, J = 269.8 Hz), 123.1, 122.7 (q, J = 32.2 Hz), 118.0 (q, J = 3.8 Hz),
115.6, 114.3,94.2,90.9, 17.0, 16.8, 12.6; HRMS (APCI) calcd for C»3Ha4F30Si [M+H]" 401.1543,
found 417.1524.

(Z2)-2,2-Diisopropyl-5-methyl-3-(3-phenylprop-2-yn-1-ylidene)-2,3-dihydrobenzo[d][1,2]oxa-
silole (2k)

The stereochemistry of the title compound was determined by 4 analogy to 4. 31.8 mg, 92% yield,
brown oil; 'H NMR (CDCls, 400 MHz) & 7.43-7.41 (m, 2H), 7.36-7.29 (m, 3H), 7.28 (d, J = 1.2
Hz, 1H), 6.99 (dd, J = 8.2, 1.6 Hz, 1H), 6.83—6.80 (m, 2H), 2.29 (s, 3H), 1.45 (septet, J = 7.5 Hz,
2H), 1.17 (d, J = 7.5 Hz, 6H), 1.14 (d, J = 7.4, 6H); °C NMR (CDCl;, 100 MHz) & 159.5, 146.4,
131.6, 131.3, 129.9, 129.4, 128.4, 128.2, 123.5, 120.9, 115.0, 111.6, 92.9, 91.6, 20.8, 17.1, 16.9,
12.6; HRMS (APCI) calcd for C,3H,70Si [M+H]" 347.1826, found 347.1813.

(Z2)-2,2-Diisopropyl-5-methoxy-3-(3-phenylprop-2-yn-1-ylidene)-2,3-dihydrobenzo[d][1,2]-0
xasilole (21)
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The stereochemistry of the title compound was determined by analogy to 4. 31.9 mg, 88% yield,
brown oil; 'H NMR (CDCls, 400 MHz) & 7.44—7.41 (m, 2H), 7.36-7.31 (m, 3H), 6.99 (d, J = 2.8
Hz, 1H), 6.84 (d, J = 8.8 Hz, 1H), 6.79-6.76 (m, 2H), 3.78 (s, 3H), 1.45 (septet, J = 7.5 Hz, 2H),
1.17 (d, J = 7.5 Hz, 6H), 1.14 (d, J = 7.4 Hz, 6H); °*C NMR (CDCls, 100 MHz) & 155.9, 153.6,
146.6, 131.3, 130.5, 128.5, 128.3, 123.4, 117.4, 115.7, 112.1, 104.9, 93.2, 91.4, 55.8, 17.1, 16.9,
12.6; HRMS (APCI) calcd for C3H»,0,Si [M+H]" 363.1775, found 363.1789.

(2)-2,2-Diisopropyl-3-(3-phenylprop-2-yn-1-ylidene)-2,3-dihydronaphtho[2,1-d][1,2] oxa-silo
le (2m)

The stereochemistry of the title compound was determined by analogy to 4. 27.0 mg, 70% yield,
brown oil; '"H NMR (CDCls, 400 MHz) § 8.24-8.22 (m, 1H), 7.77-7.74 (m, 1H), 7.55 (d, J = 8.6
Hz, 1H), 7.48-7.42 (m, 4H), 7.37-7.31 (m, 4H), 6.82 (s, 1H), 1.54 (septet, J = 7.5 Hz, 2H), 1.22—
1.18 (m, 12H); *C NMR (CDCls, 100 MHz) & 158.2, 147.0, 135.3, 131.2, 128.4, 128.1, 127.8,
126.9, 125.5, 124.54, 124.47, 123.6, 123.1, 120.2, 118.6, 110.5, 92.7, 92.0, 17.2, 16.9, 12.7; HRMS
(APCI) calcd for Cp6H»,0Si [M+H]" 383.1826, found 383.1850.

(Z2)-2,2-Diisopropyl-3-(3-(trimethylsilyl)prop-2-yn-1-ylidene)-2,3-dihydrobenzo|d][1,2] oxa-si
lole (2n)

g
0-Si~ipr  SiMeg
i-Pr
The stereochemistry of the title compound was determined by analogy to 4. 126 mg, 77% yield,

yellow oil; 'H NMR (CDCls, 400 MHz) & 7.41 (dd, J = 7.8, 1.2 Hz, 1H), 7.19-7.15 (m, 1H), 6.90
(dd, /= 8.2, 0.7 Hz, 1H), 6.83 (td, J= 7.5, 2.7 Hz, 1H), 6.60 (s, 1H), 1.42 (septet, J = 7.5 Hz, 2H),
1.13 (d, J=7.5 Hz, 6H), 1.11 (d, J= 7.4 Hz, 6H), 0.2 (s, 9H); °C NMR (CDCl;, 100 MHz) § 161 .4,
148.5, 131.0, 129.7, 120.7, 115.5, 110.6, 85.3, 80.8, 17.1,1.8, 12.4; HRMS (APCI) calcd for
C1oH290Si, [M+H]" 329.1751, found 329.1739.

(Z2)-2,2-Diisopropyl-5-methyl-3-(3-(trimethylsilyl)prop-2-yn-1-ylidene)-2,3-dihydrobenzo[d]-
[1,2]oxasilole (20)
Me

X
0-Si~ipr  SiMes
i-Pr
The stereochemistry of the title compound was determined by analogy to 4. 485 mg, 95% yield,

yellow oil; "H NMR (CDCls, 400 MHz) § 7.21 (d, J = 1.2 Hz, 1H), 6.98 (dd, J = 8.2, 1.6 Hz, 1H),
6.79 (d, J = 8.0 Hz, 1H), 6.56 (s, 1H), 2.27 (s, 3H), 1.41 (septet, J = 7.5 Hz, 2H), 1.13 (d, J = 7.6
Hz, 6H), 1.10 (d, J = 7.6 Hz, 6H), 0.20 (s, 9H),; >C NMR (CDCl3, 100 MHz) & 159.4, 147.8, 131.7,
129.7, 129.4, 120.8, 115.0, 111.4, 107.1, 98.1, 20.8, 17.2, 16.9, 12.6, -0.2; HRMS (APCI) calcd for
CH3,08i, [M+H]" 343.1908, found 343.1912.
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(£)-2,2-Diphenyl-3-(3-(trimethylsilyl)prop-2-yn-1-ylidene)-2,3-dihydrobenzo[d][1,2]oxasilole
(2p)

Ofsl\Ph SiME3

The yield of 2p was determined by '"H NMR using 1,4-dimethoxybenzene as an internal standard,
since 2p could not be isolated in a pure form due to its instability on a silica gel. The
stereochemistry of the title compound was determined by analogy to 4. "H NMR (CDCls, 400 MHz)
0 7.81-7.74 (m, 2H), 7.74-7.72 (m, 1H), 7.66—7.62 (m, 1H), 7.52-7.22 (m, 8H), 7.03 (d, J = 8.1 Hz,
1H), 6.92 (t,J = 7.5 Hz, 1H), 6.72 (s, 1H), 0.001 (s, 9H).

IV. Transformations of Trimethylsilylethynylidene-Benzoxasiloles
(Z2)-2,2-Diisopropyl-3-(prop-2-yn-1-ylidene)-2,3-dihydrobenzo[d][1,2]oxasilole (2r)

RS
O-Si~ipr
i-Pr

To a solution of the 2n in MeOH (1.0 mL) was added a K,CO; (15.7 mg, 0.114 mmol) and stirred
at room temperature for 3 h. The reaction was quenched with water and extracted with CH,Cl,
twice. The combined extract was dried over Na,SO4 and concentrated. The residue was purified by
a silica gel column chromatography (n-hexane/EtOAc = 50:1) to give 2q (94.2 mg, 0.367 mmol,
97 % yield) as a brown oil. "H NMR (CDCls, 400 MHz) & 7.43 (d, J = 7.7, 1.3 Hz, 1H), 7.21-7.16
(m, 1H), 6.91 (dd, J = 8.1, 0.7 Hz, 1H), 6.84 (td, J = 7.5, 2.7 Hz, 1H), 6.57 (d, J = 2.4 Hz, 1H),
1.43 (septet, J = 7.5 Hz, 2H), 1.13 (d, J = 1.9 Hz, 6H), 1.11 (d, J = 1.8 Hz, 6H); °C NMR (CDCls,
100 MHz) & 161.4, 148.5, 131.0, 129.7, 120.7, 120.2, 115.5, 110.6, 85.3, 80.8, 17.1, 16.8, 12.4;
HRMS (ESI) calcd for caled for C16H2108Si [M+H] " 257.1356, found 157.1352.

(Z2)-2,2-Diisopropyl-5-methyl-3-(prop-2-yn-1-ylidene)-2,3-dihydrobenzo[d][1,2] oxasilole (2s)
Me

N
O’S,i\i-Pr
i-Pr

The title compound was prepared from 20 by the procedure used for 2r. 422 mg, 87% yield,
yellow oil; "H NMR (CDCls, 400 MHz) & 7.23 (d, J = 1.6 Hz, 1H), 7.00 (dd, J = 8.2, 2.0 Hz, 1H),
6.80 (d, J = 8.4 Hz, 1H), 6.54 (d,J = 2.4 Hz, 1H), 3.13 (d, J = 2.4 Hz, 1H), 1.42 (septet, J = 7.5 Hz,
2H), 1.12 (d, J = 2.4 Hz, 6H), 1.10 (d, J = 2.0 Hz, 6H); >*C NMR (CDCl;, 100 MHz) & 159.4, 148.7,
131.9, 129.4, 120.9, 115.1, 110.2, 85.5, 80.6, 20.8, 17.2, 16.8, 12.5; HRMS (APCI) calcd for

C17H,;0Si [M+H]" 271.1513, found 271.15191.

(£)-2,2-Diisopropyl-3-(3-(4-methoxyphenyl)prop-2-yn-1-ylidene)-5-methyl-2,3-dihydro-benz
o[d][1,2]oxasilole (4)
Me Me NOESY cross peak
10 mol%/PdCly(PPhs),

Q\/\ l\©\ 30 mol%/Cul
- +
0-Si~ipr OMe EtN, rt

i-Pr 15h

To a Schlenk tube vessel charged with PACly(PPhs), (7.0 mg, 0.00997 mmol) and Cul (5.7 mg,
0.0299 mmol), a solution of 2s (32.4 mg, 0.120 mmol) and 4-iodoanisole (23.4 mg, 0.100 mmol) in
Et;N (2.0 mL) was added. After stirring for 1.5 h at room temperature, the reaction mixture was
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filtered and washed with ether, and the filtrate was concentrated. The residue was purified by a
preparative TLC (n-hexane / Et,0 = 20:1) to give 4 (28.8 mg, 0.0764 mmol, 76% yield). The
stereochemistry the title compound was determined by the NOESY experiment. Red oil; 'H NMR
(CDCl3, 400 MHz) & 7.36 (d, J = 8.8 Hz, 2H), 7.27 (s, 1H), 6.98 (dd, J = 8.2, 1.6 Hz, 1H), 6.87 (d,
J = 8.8 Hz, 2H), 6.82—-6.79 (m, 2H), 3.82 (s, 3H), 2.29 (s, 3H), 1.44 (septet, J = 7.5 Hz, 2H), 1.16 (d,
J =17.5 Hz, 6H), 1.13 (d, J = 7.2 Hz, 6H); °*C NMR (CDCl; CDCl;, 100 MHz) & 159.7, 159.3,
145.2, 132.7, 131.3, 130.1, 129.4, 120.8, 115.6, 115.0, 114.2, 112.0, 93.0, 90.5, 55.3, 20.8, 17.2,
16.9, 12.6; HRMS (APCI) calcd for Co4H,00,Si [M+H]" 377.1931, found 377.1944.

Methyl(Z2)-4-(3-(2,2-Diisopropyl-5-methylbenzo[d][1,2]oxasilol-3(2H)-ylidene)prop-1-yn-1-y
I)benzoate (5)

The stereochemistry of the title compound was determined by analogy to 4. 35.8 mg, 88% yield,
yellow solid; Mp 85.6-86.0 °C; 'H NMR (CDCls, 400 MHz) ¢ 8.00 (d, J = 8.4 Hz, 2H), 7.47 (d, J
= 8.4 Hz, 2H), 7.29 (d, J = 1.6 Hz, 1H), 7.01 (dd, J = 8.2, 1.6 Hz, 1H), 6.83 (d, J = 8.0 Hz, 1H),
6.80 (s, 1H), 3.92 (s, 3H), 2.29 (s, 3H), 1.45 (septet, J = 7.5 Hz, 2H), 1.16 (d, J/ = 7.6 Hz, 6H), 1.14
(d, J = 7.2 Hz, 6H); >C NMR (CDCl;, 100 MHz) & 166.5, 159.6, 148.1, 132.0, 131.1, 129.7, 129.6,
129.5, 129.4, 128.1, 121.0, 115.1, 110.8, 94.6, 92.0, 52.2, 20.8, 17.1, 16.9, 12.6; HRMS (APCI)
calcd for C,5Hy903Si [M+H]" 405.1880, found 405.1893.

(E)-2-(4-(4-Methoxyphenyl)but-1-en-3-yn-1-yl)-4-methylphenol (6)
Me

CsF (4.0 equiv) O =
X
DMF OH
80°C,2h
OMe

6

To the solution of 4 (37.7 mg, 0.100 mmol) was added CsF (60.8 mg, 0.0400 mmol) in DMF (0.3
mL) and the solution was stirred at 80 °C for 2 h. The reaction was quenched with water and
extracted with Et,O. The organic layer was washed with water three times, dried over Na,SOs,
filtered, and concentrated. The residue was purified by a column chromatography (n-hexane/EtOAc
=2:1) to give 6 (23.9 mg, 0.0904 mmol, 90% yield). Brownish solid; Mp 119.0-120.0 °C; "H NMR
(CDCl3, 400 MHz) & 7.41 (d, J = 8.8 Hz, 1H), 7.22-7.18 (m, 1H), 6.95 (dd, J = 8.0, 1.6 Hz, 1H),
6.86 (d, J = 8.8 Hz, 1H), 6.67 (d, J = 8.0 Hz, 1H), 6.43 (d, J = 16.0 Hz, 1H), 4.83 (s, 1H), 3.82 (s,
3H), 2.28 (s, 3H); °C NMR (CDCl;, 100 MHz) & 159.5, 150.9, 135.3, 132.9, 130.2, 130.0, 127.4,
123.5, 115.9, 115.7, 114.0, 109.4, 91.5, 88.2, 55.3, 20.5; HRMS (ESI) calcd for C;sH;50, [M-H]"
263.1078, found 263.1073.

OMe

(Z)-1-benzyl-4-((2,2-diisopropyl-5-methylbenzo|d][1,2]oxasilol-3(2H)-ylidene)methyl)-1H-1,
2,3-triazole (7)
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Me Me
20 mol % Cul
10 mol %Et;N N
= % = °N
_Si_. CH,Cl,, 1t _ \
073 ~i-Pr 48 h 0-Si~ipr—N
i-Pr i-Pr Bn
2r 7

To a screw cap vial charged with 2s (27.1 mg, 0.100 mmol), a solution of Cul (3.8 mg, 0.200
mmol), Et;N (1.4 puL, 0.01 mmol) and benzyl azide solution of CH,Cl, (0.5 M, 280 uL, 0.14 mmol)
CH,Cl, (1.0 mL) were added. The solution was stirred at room temperature for 48 h. The resulting
mixture was diluted with Et,0, filtered through a silica gel pad, washed with Et,O, and concentrated.
The residue was purified by a preparative TLC (n-hexane / CH,Cl, = 1:1) to give 7 (34.3 mg,
0.0850 mmol, 85% yield). The stereochemistry of the title compound was determined by analogy to
4. Brownish solid; Mp 157.3-158.1 °C; '"H NMR (CDCls, 400 MHz) & 7.42-7.37 (m, 2H), 7.34 (s,
1H), 7.32 (s, 1H), 7.29-7.25 (m, 3H), 6.95 (dd, J = 8.0, 1.6 Hz, 1H), 6.83 (d, J = 8.4 Hz, 1H), 5.51
(s, 2H), 2.28 (s, 3H), 1.61 (septet, J = 7.5 Hz, 2H), 1.14 (d, J = 7.6 Hz, 6H), 0.94 (d, J = 7.2 Hz,
6H); *C NMR (CDCls, 100 MHz) & 160.3, 146.9, 136.1, 134.5, 130.5, 129.7, 129.2, 128.8, 128.2,
128.0, 121.1, 120.3, 118.2, 114.6, 54.2, 20.8, 18.0, 17.7, 13.3; HRMS (ESI) calcd for
C24H300N3Si [M+H]" 404.2153, found 404.2141.

(£)-2-(3-(2,2-Diisopropyl-5-methylbenzo[d][1,2] oxasilol-3(2H)-ylidene)prop-1-yn-1-yl)-4-me

thylphenol (8)
Me
2 mol % PdCl,(PPhs)
= N ¢ I Me 3 mol % Cul 10 mol % PtCl,

0-Si~i.pr Et3N, rt toluene, 80 °C
e HO
i-Pr 2h 14 h
2r 8

To a screw cap vial charged with 2s (56.8 mg, 0.210 mmol), a solution of PdCI,(PPh;), (2.8 mg,
0.00399 mmol) and Cul (5.7 mg, 0.0121 mmol), and 2-iodocresole (46.8 mg, 0.200 mmol) in Et3N
(2.0 mL) was added. After stirring for 2 h at room temperature, the reaction mixture was filtered and
washed with n-hexane, and the filtrate was concentrated. The residue was roughly purified by a
preparative TLC (n-hexane / Et,O = 6:1) to give the crude coupling product.

To a screw cap vial charged with the crude product, a solution of PtCl, (5.3 mg, 0.020 mmol) in
toluene (2.0 mL) was added. After stirring for 14 h at 80 °C, the reaction mixture was concentrated.
The residue was purified by a preparative TLC (n-hexane / Et,0 = 6:1) to give 8 (40.9 mg, 0.109
mmol, 54% yield). Yellow solid; Mp 111.6-113.4 °C; "H NMR (CDCl3, 400 MHz) 6 7.44 (s, 1H),
7.36 (s, 1H), 7.34 (s, 1H), 7.30 (d, J = 8.4 Hz, 1H), 7.09 (dd, J = 8.4, 1.2 Hz, 1H), 6.98 (dd, J = 8.0,
1.6 Hz, 1H), 6.85 (d, J = 8.4 Hz, 1H), 6.61 (s, 1H), 2.43 (s, 3H), 2.31 (s, 3H), 1.54 (septet, J = 7.5
Hz, 2H), 1.17 (d, J = 7.2 Hz, 6H), 0.97 (d, J = 7.6 Hz, 6H); >°C NMR (CDCls, 100 MHz) & 159.9,
156.2, 153.0, 134.5, 132.8, 130.8, 130.2, 129.6, 129.0, 126.0, 121.1, 121.0, 119.8, 114.7, 110.1,
105.6, 21.3, 20.9, 17.6, 17.4, 13.6; HRMS (APCI) calcd for C,4H0,Si [M+H]" 377.1931, found
377.1926.
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V. Crystal Data of 8

Table S1.1. Crystal data and data collection parameters of 8.

8
formula Ca4H250,Si
formula Weight 376.55
crystal system monoclinic
space group P2,/n
a(A) 8.1457(10)
b (A) 14.2390(17)
c(A) 18.3831(18)
o (deg) -
B (deg) 91.127(10)
v (deg) -
V (A% 2131.8(4)
Z 4
dealc (g/cm®) 1.173
2 (Cu Ka) (mm™) 0.125
Fooo 808.0
Crystal size (mm®) 203
Temperature (K) 045x0.4x0.3
@range (deg) 2.638 to 30.559
index ranges -11<h<10
-20<k<20
-25<1<26
no. of reflections measured 19259
unique data (Rint) 6269 (0.0367)
data / restraints / parameters 6269 /0/250
R1 [I>2.00(])) 0.0462
WR2 [1>2.00(I)] 0.1138
R1 (all data) 0.0741
wR2 (all data) 0.1138
GOF on F* 1.048
Ap,e A7 0.27,-0.26
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Chapter 2
Experimental Section

l. General

Anhydrous CH,Cl, (041-32345) was obtained from Wako, and used as received. Solvents for the
synthesis of substrates were dried over Molecular Sieves 4A (Wako) prior to use. Hg-binap and
segphos were obtained from Takasago International Corporation. All other reagents were obtained
from commercial sources and used as received. 'H and *C NMR data were collected on a Bruker
AVANCE III HD 400 (400 MHz) at ambient temperature unless otherwise noted. HRMS data were
obtained on a Bruker micrOTOF Focus II. A single crystal X-ray diffraction measurement was made
on XtalLAB mini II diffractometer using graphite monochromated Mo-Ka radiation. All reactions
were carried out under nitrogen or argon with magnetic stirring.

I1. Synthesis of Bis(2-ethnylphenol)silanes (Scheme 2.13, 14)

2,2'-[(Diisopropylsilanediyl)bis(ethyne-2,1-diyl)]diphenol (9a)

i-Pry_,i-Pr

g7z Si
Z
O~ OO 20
OTHP
OH HO

To a solution of 2—(2—ethynylphenoxy)tetrahydro—2H—pyran1) (1.48 g, 7.31 mmol) in Et,O (30
mL) was added a solution of n-butyllithium in n-hexane (4.66 mL, 1.55 M, 7.23 mmol) at 0 °C. The
mixture was warmed to room temperature and stirred for 1 hour. To the resulting mixture was added
a solution of dichlorodiisopropylsilane (0.644 g, 3.48 mmol) in Et;O (2.0 mL) at 0 °C and the
mixture was warmed to room temperature. After stirring at room temperature overnight, the reaction
was quenched with water and extracted with n-hexane. The organic layer was dried over Na,;SOy,
filtered, and concentrated. The residue was roughly purified by a silica gel column chromatography
(n-hexane/EtOAc =20:1) to give the crude product. To a solution of this crude product in MeOH
(5.0 mL) was added pyridinium p-toluenesulfonate (0.302 g, 1.20 mmol) and stirred overnight at
room temperature. After evaporation of MeOH, the reaction was quenched with water and extracted
with n-hexane. The combined extract was dried over Na,SO4 and concentrated. The residue was
purified by a silica gel column chromatography (n-hexane/EtOAc = 2:1) to give 9a (0.951 g, 2.73
mmol, 79 % yield) as a colorless oil.

'H NMR (CDCls, 400 MHz) 6 7.39 (dd, J = 7.7, 1.6 Hz, 2H), 7.30-7.28 (m, 2H), 6.96 (dd, J =
8.3, 0.7 Hz, 2H), 6.88 (td, J = 7.5, 1.0 Hz, 2H), 5.81 (s, 2H), 1.20 (s, 14H); >C NMR (CDCls, 100
MHz) ¢ 157.5, 131.9, 131.2, 120.3, 114.8, 109.0, 101.7, 95.2, 17.8, 12.3; HRMS (ESI) calcd for
CxnH»30,S1 [M—-H] 347.1473, found 347.1490.

2,2'-[(Diisopropylsilanediyl)bis(ethyne-2,1-diyl)]bis(4-methoxyphenol) (9b)

-Pry ,i-Pr

MeO | MeO = Si
L, —" 0L, — = S
OTHP OTHP
A OH HO

To a mixture of Et;N (25.0 mL), PdCI,(PPhs), (16.0 mg, 0.0228 mmol), and Cul (13.0 mg, 0.0708
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mmol) was added a solution of 2-(2-iodo-4-methoxyphenoxy)tetrahydro-2H-pyran® (7.61 g, 22.8
mmol) and trimethylsilylacetylene (3.36 g, 34.2 mmol) in Et;N (5.0 mL). After stirring overnight at
room temperature, the reaction mixture was filtered and washed with n-hexane, and the filtrate was
concentrated. The residue was roughly purified by a silica gel column chromatography
(n-hexane/EtOAc =20:1) to give the crude product. To a solution of thus obtained crude product in
MeOH (5.0 mL) was added potassium carbonate (0.630 g, 4.56 mmol) and stirred overnight at room
temperature. After evaporation of MeOH, the reaction was quenched with water and extracted with
n-hexane. The combined extract was dried over Na,SO4 and concentrated. The residue was purified
by a silica gel column chromatography  (n-hexane/EtOAc =  10:1) give
2-(2-ethynyl-4-methoxyphenoxy)tetrahydro-2H-pyran (A, 3.18 g, 13.7 mmol, 60% yield) as a
yellowish oil.

"H NMR (CDCls, 400 MHz) 6 7.10 (d, J = 3.0 Hz, 1H), 7.08 (d, J = 9.4 Hz, 1H), 6.79 (dd, J=9.0,
3.0 Hz, 1H), 5.35 (t, J = 3.0 Hz, 1H), 3.99-3.93 (m, 1H), 3.75 (s, 3H), 3.30 (s, 1H), 3.62-3.57 (m,
1H), 2.17-1.60 (m, 6H).

The title compound was prepared by the procedure used for 9a using thus obtained A instead of
2-(2-ethynylphenoxy)tetrahydro-2 H-pyran.

Colorless solid; mp 114.0-114.2 °C; "H NMR (CDCls, 400 MHz) ¢ 6.92-6.91 (m, 2H), 6.901—
6.898 (m, 4H), 5.52 (s, 2H), 3.79 (s, 6H), 1.23 (s, 14H); *C NMR (CDCls;, 100 MHz) ¢ 153.0,
151.9, 118.5 115.7, 115.3, 108.9, 101.9, 95.0, 55.9, 17.8, 12.3; HRMS (ESI) calcd for C,4H»704Si
[M-H] 407.1684, found 407.1684.

2,2'-[(Diisopropylsilanediyl)bis(ethyne-2,1-diyl)]bis(4-methylphenol) (8c)

-Pry ,i-Pr

Me | Me = Si
f:[ . @\/ e Z N\ Me
OH OTHP
5 OH HO

To a round bottomed flask, 2—iodo—4—methylphenol3 ) (5.62 g, 24.0 mmol), pyridinium
p-toluenesulfonate (1.21 g, 4.80 mmol), 3,4-dihydro-2H-pyran (8.70 g, 96.0 mmol) were added and
stirred for 3 hours at room temperature. To the reaction mixture, n-hexane was added and the
precipitate was filtrated. The solution was evaporated and vacuumed to give a crude THP-protected
iodophenol. To a mixture of Et;N (25.0 mL), PdCI,(PPhs), (8.4 mg, 0.012 mmol), and Cul (6.9 mg,
0.036 mmol) was added a solution of the crude THP-protected iodophenol and
trimethylsilylacetylene (3.54 g, 36.0 mmol) in Et;N (5.0 mL). After stirring overnight at room
temperature, the reaction mixture was filtered and washed with n-hexane, and the filtrate was
concentrated. The residue was roughly purified by a silica gel column chromatography
(n-hexane/EtOAc =20:1) to give the crude product. To a solution of this crude product in MeOH
(5.0 mL) was added potassium carbonate (0.663 g, 4.80 mmol) and stirred overnight at room
temperature. After evaporation of MeOH, the reaction was quenched with water and extracted with
n-hexane. The combined extract was dried over Na,SO4 and concentrated. The residue was purified
by a silica gel column chromatography  (n-hexane/EtOAc =  50:1) give
2-(2-ethynyl-4-methylphenoxy)tetrahydro-2H-pyran (B, 2.33 g, 10.8 mmol, 45% yield) as a
colorless solid.

"H NMR (CDCls, 400 MHz) 6 7.27 (s, 1H), 7.08 (dd, J = 8.5, 1.8 Hz, 1H), 7.01 (d, J = 8.5 Hz,
1H), 5.49 (t, J = 2.9 Hz, 1H), 3.99-3.93 (m, 1H),, 3.61-3.56 (m, 1H), 3.21 (s, 1H), 2.26 (s, 3H),
2.13-1.58 (m, 6H).

The title compound was prepared by the procedure used for 9a using B instead of
2-(2-ethynylphenoxy)tetrahydro-2 H-pyran.

Pale yellow oil; "H NMR (CDCls, 400 MHz) 0 7.20 (d, J = 1.6 Hz, 2H), 7.08-7.06 (m, 2H), 6.85
(d, J= 8.4 Hz, 2H), 5.66 (s, 2H), 2.25 (s, 6H), 1.19 (s, 14H); °C NMR (CDCl3, 100 MHz) § 155.4,
131.9, 129.6, 114.5, 108.7, 101.9, 94.8, 20.3, 17.8, 12.3; HRMS (ESI) calcd for C4H»70,Si [M-H]"
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375.1786, found 375.1778.

2,2'-[(Diisopropylsilanediyl)bis(ethyne-2,1-diyl)]bis[4-(tert-butyl)phenol] (9¢)

i-Pr ,i-Pr
Si i-Pr_ i-Pr
R si

t-Bu I
\E:[ t-Bu & % t-Bu
OTHP
OH HO

To a mixture of Et;N (25.0 mL), PdCL,(PPh;), (14.0 mg, 0.0199 mmol), Cul (11.4 mg, 0.0598
mmol) was added a solution of diethynyldiisopropylsilane® (0.329 g, 2.00 mmol) and
2-(4-(tert-butyl)-2-iodophenoxy)tetrahydro-2H-pyran” in Et;N (5.0 mL). After stirring overnight at
room temperature, the reaction mixture was filtered and washed with n-hexane, and the filtrate was
concentrated. The residue was roughly purified by a silica gel column chromatography
(n-hexane/EtOAc =20:1) to give the crude product. To a solution of this crude product in MeOH
(5.0 mL) was added pyridinium p-toluenesulfonate (0.201 g, 0.800 mmol) and stirred overnight at
room temperature. After evaporation of MeOH, the reaction was quenched with water and extracted
with n-hexane. The combined extract was dried over Na,SO4 and concentrated. The residue was
purified by a silica gel column chromatography (n-hexane/EtOAc = 20:1) and partially purified by
GPC to give 9¢(0.368 g, 0.799 mmol, 40 % yield) as a colorless oil.

'H NMR (CDCls, 400 MHz) 6 7.38 (d, J = 2.4 Hz, 2H), 7.31 (dd, J = 8.6, 2.5 Hz, 2H), 6.89 (d, J
= 8.6 Hz, 2H), 5.69 (s, 2H), 1.29 (s, 18H), 1.21 (s, 14H); >C NMR (CDCls, 100 MHz) ¢ 155.3,
143.1, 128.5, 128.4, 114.3, 108.3, 102.3, 94.6, 34.1, 31.4, 17.8, 12.3; HRMS (ESI) calcd for
C30H390,Si [M—H] 459.2725, found 459.2737.

3,3""-[(Diisopropylsilanediyl)bis(ethyne-2,1-diyl)]bis([1,1'-biphenyl]-4-ol) (9d)
Ph |

Ph\©\
OH OTHP

Cc

i-Pr ,i-Pr

= Si
OTHP
OH HO
D 9d

To a mixture of 4-phenyl-phenol (2.55 g, 15.0 mmol) and 3,4-dihydro-2H-pyran (5.05 g, 60.0
mmol), pyridinium p-toluenesulfonate (1.13 g, 4.50 mmol) was added and stirred for 3 hours at
room temperature. To the reaction mixture, n-hexane was added and the precipitate was filtrated.
The solution was concentrated to give crude product of
2-([1,1-biphenyl]-4-yloxy)tetrahydro-2H-pyran. To a mixture of crude product of
2-([1,1-biphenyl]-4-yloxy)tetrahydro-2H-pyran in Et;0O (30 mL) were added a solution of
n-butyllithium in n-hexane (19.0 mL, 1.55 M, 29.5 mmol) and TMEDA (3.49 g, 30.0 mmol) at —
78 °C. The mixture was warmed to room temperature and stirred for 1 hour. To the resulting
mixture was added lodine (5.78 g, 22.5 mmol) at —78 °C and the mixture was warmed to room
temperature. After stirring at room temperature overnight, the reaction was quenched with saturated
aqueous Na,S,0; and extracted with Et,O. The organic layer was dried over Na,SQOy, filtered, and
concentrated. The residue was purified by a silica gel column chromatography (n-hexane/EtOAc =
10:1) to give 2-((3-iodo-[1,1'-biphenyl]-4-yl)oxy)tetrahydro-2 H-pyran (C) as a colorless solid (C,
4.73 g, 12.5 mmol, 83% yield).

"H NMR (CDCls, 400 MHz) 6 8.00 (d, J = 2.2 Hz, 1H), 7.53-7.48 (m, 3H), 7.41 (t, J = 8.6 Hz,
2H), 7.34-7.30 (m, 1H), 7.13 (d, /= 8.6 Hz, 1H), 5.58 (t, /= 2.7 Hz, 1H), 3.90 (td, /= 11.1, 2.8 Hz,
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1H), 3.65-3.60 (m, 1H), 2.24-2.22 (m, 1H), 2.04-1.99 (m, 1H), 1.93-1.85 (m, 1H), 1.81-1.63 (m,
3H).

2-[(3-Ethynyl-[1,1'-biphenyl]-4-yl)oxy]tetrahydro-2 H-pyran (D) was prepared by the procedure
used for 1b using C instead of 2-(2-iodo-4-methoxyphenoxy)tetrahydro-2H-pyran.

'H NMR (CDCls, 400 MHz) 6 7.70 (d, J = 2.4 Hz, 1H), 7.55-7.49 (m, 3H), 7.43-7.39 (m, 2H),
7.34-7.30 (m, 1H), 7.19 (d, J = 8.6 Hz, 1H), 5.59 (t, J = 2.8 Hz, 1H), 4.00-3.94 (m, 1H), 3.65-3.60
(m, 1H), 3.27(s, 1H), 2.18-2.07 (m, 1H), 2.03—-1.97 (m, 1H), 1.94-1.85 (m, 1H), 1.78-1.62 (m, 3H).

The title compound (9d) was prepared by the procedure used for 9a using D instead of
2-(2-ethynylphenoxy)tetrahydro-2 H-pyran.

Colorless solid; mp 80.3-81.3 °C; '"H NMR (CDCls, 400 MHz) J 7.63 (d, J = 2.2 Hz, 2H), 7.54—
7.50 (m, 6H), 7.43-7.39 (m, 4H), 7.33-7.29 (m, 2H), 7.04 (d, J = 8.6 Hz, 2H), 5.86 (s, 2H), 1.23 (s,
14H); >C NMR (CDCls, 100 MHz) d 156.9, 139.9, 133.8, 130.4, 130.0, 128.8, 127.1, 126.7, 115.2,
109.4, 101.7, 95.3, 17.8, 12.3; HRMS (ESI) calcd for Cs4H3,0,Si [M-H] 499.2099, found
499.2096.

2,2'-[(Diisopropylsilanediyl)bis(ethyne-2,1-diyl)]bis[4-(trifluoromethyl)phenol] (%)

F3C\©Br F3C Br
OH OTHP
E
i-Pr ,i-Pr
e N
Fsc\gl F3c©\/ Fgc©\/ chm
OTHP OTHP OH  HO
G 9e

F

To a mixture of 2-bromo-4-(trifluoromethyl)phenol (3.30 g, 13.7 mmol) and
3,4-dihydro-2H-pyran (4.61 g, 74.3 mmol), pyridinium p-toluenesulfonate (0.689 g, 2.74 mmol)
was added and stirred for a few hours at room temperature. The reaction mixture was directly
charged on a silica gel column chromatography and purified (n-hexane/EtOAc = 10:1) give
2-(2-bromo-4-(trifluoromethyl)phenoxy)tetrahydro-2 H-pyran (E, 2.86 g, 8.82 mmol, 64% yield) as
a yellowish oil.

'H NMR (CDCls, 400 MHz) § 8.01 (d, J = 1.6 Hz, 1H), 7.55-7.52 (m, 1H), 7.13 (d, J = 8.6 Hz,
1H), 5.61 (t,J=2.6 Hz, 1H), 3.79 (td, /= 11.2, 2.8 Hz, 1H), 3.65-3.59 (m, 1H), 2.20-1.61 (m, 6H).

To a solution of 2-(2-bromo-4-(trifluoromethyl)phenoxy)tetrahydro-2H-pyran (E, 2.86 g, 8.82
mmol) in Et;O (20 mL) was added a solution of n-butyllithium in n-hexane (6.50 mL, 1.55 M, 16.4
mmol) at =78 °C. The mixture was warmed to room temperature and stirred for 1 hour. To the
resulting mixture was added Iodine (2.91 g, 11.3 mmol) at —78 °C and the mixture was warmed to
room temperature. After stirring at room temperature overnight, the reaction was quenched with
Na,S,03aq and extracted with Et;O. The organic layer was dried over Na,SO,, filtered, and
concentrated. The residue was purified by a silica gel column chromatography (n-hexane/EtOAc
=50:1) to give 2-(2-iodo-4-(trifluoromethyl)phenoxy)tetrahydro-2 H-pyran as a yellow oil (F, 3.28 g,
8.80 mmol, >99% yield).

'H NMR (CDCl3, 400 MHz) 6 7.80 (d, J = 1.8 Hz, 1H), 7.51-7.48 (m, 1H),, 7.22 (d, J = 8.6 Hz,
1H), 5.597 (t, J = 2.7 Hz, 1H), 3.82 (td, J = 11.1, 2.9 Hz, 1H), 3.69-3.60 (m, 1H), 2.17-2.02 (m,
1H), 2.05-1.98 (m, 1H), 1.93-1.85 (m, 1H), 1.80-1.62 (m, 3H).

2-(2-Ethynyl-4-(trifluoromethyl)phenoxy)tetrahydro-2H-pyran  (G) was prepared by the
procedure used for 1b using F instead of 2-(2-i0do-4-methoxyphenoxy)tetrahydro-2H-pyran.

"H NMR (CDCls, 400 MHz) d 7.71 (d, J = 2.2 Hz, 1H), 7.52 (dd, J= 8.8, 1.9 Hz, 1H), 7.21 (d, J
= 8.8 Hz, 1H), 5.603 (t, /= 2.7 Hz, 1H), 3.86 (td, /= 11.1, 2.9 Hz, 1H), 3.64-3.59 (m, 1H), 3.29 (s,
1H), 2.15-1.54 (m, 6H).

The title compound (9e) was prepared by the procedure used for 9a using G instead of
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2-(2-ethynylphenoxy)tetrahydro-2 H-pyran.

Yellowish oil; 'H NMR (CDCls, 400 MHz) 6 7.67 (d, J = 2.1 Hz, 2H), 7.55-7.52 (m, 2H), 7.06 (d,
J=8.6 Hz, 2H), 6.09 (s, 2H), 1.26-1.18 (m, 14H); >C NMR (CDCl;, 100 MHz) 6 159.8, 129.5 (q, J
=3.8 Hz), 128.2 (q, /= 3.6 Hz), 123.8 (q, /=271.5 Hz), 123.2 (q, J = 33.3 Hz), 115.4, 109.5, 100.3,
96.5, 17.8, 12.2; HRMS (ESI) caled for Co4H»1F¢O,Si [M—H] 483.1220, found 483.1262.

1,1'-{[(Diisopropylsilanediyl)bis(ethyne-2,1-diyl)]bis(4-hydroxy-3,1-phenylene)}bis(ethan-1-
one) (9f)

IPI‘\ , i-Pr
/Pr\ ,/Pr

Ac I
OH

To a round bottomed flask, 1-(4-hydroxy-3-iodophenyl)ethan-1 oneS) (0.810 g, 3.09 mmol),
pyridinium p-toluenesulfonate (0.233 g, 0.927 mmol), 3,4-dihydro-2H-pyran (1.04 g, 12.4 mmol)
were added and stirred for a few hours at room temperature. To the reaction mixture, n-hexane was
added and the precipitate that formed was filtrated. The solution was evaporated and vacuumed to
give crude THP-protedted iodophenol. To a mixture of Et;N (25.0 mL), PdCI,(PPh;), (5.3 mg,
0.0076 mmol), and Cul (4.3 mg, 0.023 mmol) was added a solution of diethynyldiisopropylsilane®
(0.493 g, 3.00 mmol) and the obtained crude THP-protedted iodophenol in Et;N (5.0 mL) was
added. After stirring overnight at room temperature, the reaction mixture was filtered and washed
with n-hexane, and the filtrate was concentrated. The residue was roughly purified by a silica gel
column chromatography (n-hexane/EtOAc =20:1) to give the crude product. To a solution of this
crude product in MeOH (5.0 mL) was added pyridinium p-toluenesulfonate (0.302 g, 1.20 mmol)
and stirred overnight at room temperature. After evaporation of MeOH, the reaction was quenched
with water and extracted with CH,Cl,. The combined extract was dried over Na,SO; and
concentrated. The residue was purified by a silica gel column chromatography (n-hexane/EtOAc =
20:1) to give 9f (0.122 g, 0.283 mmol, 9% yield) as a colorless solid.

Mp 153 °C (dec.); 'H NMR (CDCls, 400 MHz) ¢ 8.04 (d, J = 2.2 Hz, 2H), 7.93 (dd, J= 8.7, 2.2
Hz, 2H), 7.03 (d, J = 8.7 Hz, 2H), 6.27 (s, 2H), 2.56 (s, 6H), 1.27-1.197 (m, 14H); *C NMR
(CDCl3, 100 MHz) 6 195.9, 161.1, 133.1, 131.7, 130.3, 115.0, 109.3, 100.6, 96.1, 26.3, 17.8, 12.2;
HRMS (ESI) calcd for Cy6H,704Si [M—H]™ 431.1684, found 431.1697.

6,6'-[(Diisopropylsilanediyl)bis(ethyne-2,1-diyl)]bis(3-methylphenol) (99)
i-Pr_ ,i-Pr
Si

J@K \/Q
Me OH HO Me

The title compound was prepared from according to procedure for 9f using
2-iodo-5-methylphenol® instead of 1-(4-hydroxy-3-iodophenyl)ethan-1-one.

Colorless solid; mp 61.0-61.6 °C;'H NMR (CDCls, 400 MHz) 6 7.27 (d, J = 7.9 Hz, 2H), 6.78 (s,
2H), 6.69 (dd, J = 7.8, 0.8 Hz, 2H), 5.76 (s, 2H) 2.32 (s, 6H), 1.19 (s, 14H); *C NMR (CDCls, 100
MHz) 6 157.4, 142.0, 131.6, 121.3, 115.3, 106.1, 101.9, 94.6, 21.7, 17.8, 12.3; HRMS (ESI) calcd
for C24H270,S1 [M-H] 375.1786, found 375.1819.

3,3'-[(Diisopropylsilanediyl)bis(ethyne-2,1-diyl)]bis(naphthalen-2-ol) (9h)
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To a mixture of 1-bromo-2-naphtol (3.35 g, 15.0 mmol) and 3,4-dihydro-2H-pyran (5.05 g, 60.0
mmol), pyridinium p-toluenesulfonate (1.13 g, 4.50 mmol) was added and stirred for a few hours at
room temperature. To the reaction mixture, n-hexane was added and the precipitate that formed was
filtrated. The solution was evaporated and vacuumed to give crude product of
2-([1,1'-biphenyl]-4-yloxy)tetrahydro-2H-pyran.  To a mixture of crude product of
2-((1-methylnaphthalen-2-yl)oxy)tetrahydro-2H-pyran in Et,O (30 mL) were added a solution of
n-butyllithium in n-hexane (19.0 mL, 1.55 M, 29.5 mmol) at 0 °C. The mixture was warmed to
room temperature and stirred for 1 hour. To the resulting mixture was added iodomethane (2.55 g,
19.5 mmol) at 0 °C and the mixture was warmed to room temperature. After stirring at room
temperature overnight, the reaction was quenched with water and extracted with Et,O. The organic
layer was dried over Na,SOys, filtered, and concentrated. The residue was purified by a silica gel
column chromatography (n-hexane/EtOAc = 20:1) to give
2-((1-methylnaphthalen-2-yl)oxy)tetrahydro-2H-pyran (H, 2.02 g, 8.32 mmol, 55% yield) as a
yellowish oil.

"H NMR (CDCl;, 400 MHz) ¢ 7.95 (d, J = 8.5 Hz, 1H), 7.77 (d, J = 8.1 Hz, 1H), 7.67 (d, J=9.0
Hz, 1H), 7.50-7.46 (m, 1H), 7.41 (d, J = 9.0 Hz, 1H), 7.37-7.33 (m, 1H), 5.49 (t, J= 3.3 Hz, 1H),
4.00-3.94 (m, 1H), 3.64-3.59 (m, 1H), 2.601 (s, 3H), 2.14-2.04 (m, 3H), 1.77-1.62 (m, 3H).

To a mixture of H (2.02 g, 8.32 mmol) in Et,0 (30 mL) were added a solution of n-butyllithium
in n-hexane (10.7 mL, 1.55 M, 16.6 mmol) and TMEDA (1.93 g, 16.6 mmol) at —78 °C. The
mixture was warmed to room temperature and stirred for 1 hour. To the resulting mixture was iodine
(4.21 g, 16.6 mmol) at —78 °C and the mixture was warmed to room temperature. After stirring at
room temperature overnight, the reaction was quenched with Na,S,0s3aq and extracted with Et,0.
The organic layer was dried over Na,SOy, filtered, and concentrated. The residue was purified by a
silica gel column chromatography (n-hexane/EtOAc = 10:1). After the purification by a silica gel
column  chromatography, the residue was washed with n-hexane to  give
2-((3-i0do-1-methylnaphthalen-2-yl)oxy)tetrahydro-2H-pyran (I, 1.89 g, 5.14 mmol, 62% yield) as
a yellowish solid.

'H NMR (CDCls, 400 MHz) 6 8.26 (s, 1H), 7.95 (d, J = 8.5 Hz, 1H), 7.67 (d, J = 8.1 Hz, 1H),
7.52-7.48 (m, 1H), 7.43-7.39 (m, 1H), 5.03 (dd, /= 8.0, 3.0 Hz, 1H), 4.11-4.09 (m, 1H), 3.50-3.45
(m, 1H), 2.70 (s, 3H), 2.02-2.16 (m, 1H), 2.06-1.98 (m, 2H), 1.71-1.56 (m, 3H).

The title compound (9h) was prepared by the procedure used for 1g using I instead of
1-(4-hydroxy-3-iodophenyl)ethan-1-one.

Brownish oil; "H NMR (CDCls, 400 MHz) ¢ 7.89-7.87 (m, 4H), 7.72 (d, J = 8.1 Hz, 2H), 7.52—
7.48 (m, 2H), 7.36-7.32 (m, 2H), 6.01 (s, 2H), 2.56 (s, 6H), 1.27 (s, 14H); °C NMR (CDCls, 100
MHz) ¢ 150.0, 134.5, 130.6, 128.5, 128.1, 127.5, 123.7, 123.3, 115.8, 110.7, 102.4, 95.3, 17.8, 12.3,
10.8; HRMS (ESI) caled for C3,H3,0,Si [M—H]™ 475.2099, found 475.2116.

1,1'-[(Diisopropylsilanediyl)bis(ethyne-2,1-diyl)]bis(naphthalen-2-ol) (91)
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To a mixture of 1-bromo-2-naphtol” (5.35 g, 17.4 mmol) and 3,4-dihydro-2H-pyran (6.73 g, 80.0
mmol), pyridinium p-toluenesulfonate (0.100 g, 4.00 mmol) was added and stirred for a few hours
at room temperature. The reaction mixture was directly charged on a silica gel column
chromatography and purified (n-hexane/EtOAc = 30:1) give
2-((1-bromonaphthalen-2-yl)oxy)tetrahydro-2H-pyran (J, 5.35 g, 17.4 mmol, 87% yield) as a
colorless solid.

"H NMR (CDCls, 400 MHz) ¢ 8.15 (d, J = 8.3 Hz, 1H), 7.77 (d, J = 9.0 Hz, 1H), 7.73 (d, J= 8.1
Hz, 1H), 7.55-7.51 (m, 1H), 7.40-7.36 (m, 2H), 5.69 (t, J = 2.7 Hz, 1H), 3.94 (td, J = 11.1, 2.9 Hz,
1H), 3.66-3.59 (m, 1H), 2.33-2.22 (m, 1H), 2.11-2.07 (m, 1H), 1.97-1.89 (m, 1H), 1.81-1.64 (m,
3H).

To a mixture of J (5.35 g, 17.4 mmol) in Et,O (50 mL) was added a solution of n-butyllithium in
n-hexane (17.4 mL, 1.55 M, 27.0 mmol) and at —78 °C. The mixture was warmed to room
temperature and stirred for 1 hour. To the resulting mixture was iodine (6.84 g, 26.6 mmol) at —
78 °C and the mixture was warmed to room temperature. After stirring at room temperature
overnight, the reaction was quenched with Na,S,03aq and extracted with Et,O. The organic layer
was dried over Na,SOy, filtered, and concentrated. The residue was purified by a silica gel column
chromatography (n-hexane/EtOAc = 30:1). After the purification by a silica gel column

chromatography, the residue was washed with n-hexane to give
2-2-((1-iodonaphthalen-2-yl)oxy)tetrahydro-2 H-pyran as a yellowish solid (K, 4.00 g, 11.3 mmol,
57% yield).

'H NMR (CDCls, 400 MHz) ¢ 8.28 (d, J = 8.5 Hz, 1H), 7.81-7.77 (m, 2H), 7.56-7.52 (m, 1H),
7.41-7.36 (m, 2H), 5.66 (t, J = 2.8 Hz, 1H), 4.01-3.95 (m, 1H), 3.63-3.58 (m, 1H), 2.23-2.13 (m,
1H), 2.18-2.04 (m, 1H), 1.97-1.89 (m, 1H), 1.79-1.63 (m, 3H).

2-[(1-Ethynylnaphthalen-2-yl)oxy]tetrahydro-2H-pyran (L) was prepared according to the
procedure for 9b using K instead of 2-(2-iodo-4-methoxyphenoxy)tetrahydro-2H-pyran.

'H NMR (CDCls, 400 MHz) § 8.28 (d, J = 8.4 Hz, 1H), 7.81-7.78 (m, 2H), 7.56-7.52 (m, 1H),
7.42-7.39 (m, 2H), 5.71 (t, J = 2.8 Hz, 1H), 4.05-4.00 (m, 1H), 3.68 (s,1H), 2.24-2.13 (m, 1H),
1.97-1.88 (m, 1H), 1.79—-1.62 (m, 4H).

The title compound (1j) was prepared according to the procedure for 9a using K instead of
2-(2-ethynylphenoxy)tetrahydro-2 H-pyran.

Colorless solid; Mp 80.8-81.8 °C; "H NMR (CDCls, 400 MHz) 0 8.14 (d, J = 8.1 Hz, 2H), 7.78
(d, /=9.0 Hz, 2H), 7.78 (d, J = 8.1 Hz, 2H), 7.57-7.53 (m, 2H), 7.40-7.36 (m, 2H), 7.20 (d, /= 8.9
Hz, 2H), 6.23 (s, 2H), 3.78 (s, 3H), 1.36-1.31 (m, 14H); >C NMR (CDCls;, 100 MHz) ¢ 157.4,
133.6, 131.4, 128.4, 127.8, 124.8, 124.2, 116.3, 102.4, 100.34, 100.32, 18.0, 12.4; HRMS (ESI)
caled C390H270,Si [M—H] 447.1786, found 447.1792.

I11. Rhodium-Catalyzed Cycloisomerization (Table 2.2)

Representative procedure (Scheme 2.2, 10a): [Rh(cod);]BF4 (4.1 mg, 0.010 mmol) and binap
(6.2 mg, 0.010 mmol) were dissolved in CH,Cl, (2.0 mL) and the solution was stirred at room
temperature for 10 min. H, was introduced to the resulting solution in a Schlenk tube. After stirring
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at room temperature for 30 min, the resulting mixture was concentrated to dryness and dissolved in
CH,CI; (0.2 mL). To the residue was added a (CH,Cl), (0.8 mL) solution of 9a (33.5 mg, 0.100
mmol) at room temperature. The mixture was stirred at room temperature for 17 h. The resulting
solution was concentrated and purified by a preparative TLC (n-hexane/CH,Cl, = 55:45), which
furnished 10a (25.4 mg, 0.0728 mmol, 73% yield) as yellow solid.

(2)-3-(Benzofuran-2-ylmethylene)-2,2-diisopropyl-2,3-dihydrobenzo[d][1,2]oxasilole (10a)

The stereochemistry of the title compound was determined by analogy to 10c.

Mp 120.0-120.8 °C; 'H NMR (CDCls, 400 MHz) 6 7.56 (d, J = 7.6 Hz, 1H), 7.43 (d, J= 7.8 Hz,
1H), 7.48 (s, 1H), 7.43 (d, J= 7.6 Hz, 1H), 7.31-7.15 (m, 3H), 6.96 (d, J = 8.0 Hz, 1H), 6.88 (td, J
=17.5,0.9 Hz, 1H), 6.70 (s, 1H), 1.56 (septet, J = 7.5 Hz, 2H), 1.19 (d, /= 7.5 Hz, 6H), 0.98 (d, J =
7.5 Hz, 6H); >C NMR (CDCls, 100 MHz) 6 161.9, 156.0, 154.5, 134.8, 130.5, 130.1, 129.5, 124.9,
123.3, 121.2, 120.9, 120.0, 119.9, 115.2, 110.6, 105.9, 17.6, 17.4, 13.6; HRMS (APCI) calcd for
C1H»50,Si [M+H]" 349.1618, found 349.1626.

(2)-2,2-Diisopropyl-5-methoxy-3-[(5-methoxybenzofuran-2-yl)methylene]-2,3-dihydrobenzo
[d][1,2]oxasilole (10b)

OMe

The stereochemistry of the title compound was determined by analogy to 10c.

33.0 mg, 0.0807 mmol, 81% yield; yellow solid; mp 149.1-150.5 °C; 'H NMR (CDCl3, 400
MHz) 6 7.40 (s, 1H), 7.31 (d, J = 8.9 Hz, 1H), 7.07 (d, J = 2.8 Hz, 1H), 7.02 (d, J = 2.5 Hz, 1H),
6.88 (d, /J=8.8 Hz, 1H), 6.79 (dd, ] = 8.8, 2.8 Hz, 1H), 6.77 (dd, J= 8.8, 2.8 Hz, 1H), 6.65 (s, 1H),
3.84 (s, 3H), 3.81 (s, 3H), 1.52 (septet, J= 7.5 Hz, 2H), 1.17 (d, J = 7.4 Hz, 6H), 0.98 (d, /= 7.5 Hz,
6H); °C NMR (CDCls, 100 MHz) 6 156.7, 156.4, 153.5, 149.6, 135.0, 130.8, 130.0, 120.0, 116.7,
115.4, 113.6, 111.0, 106.2, 105.2, 103.6, 55.91, 55.85, 17.5, 17.4, 13.6; HRMS (APCI) calcd for
C4H2904Si [M+H]" 409.1830, found 409.1831.

(2)-5-(tert-Butyl)-3-[(5-(tert-butyl)benzofuran-2-yl)methylene]-2,2-diisopropyl-2,3-dihydrob
enzo[d][1,2]oxasilole (10c)

The structure of the title compound was determined by the X-ray crystallographic analysis.

19.4 mg, 0.0421 mmol, 42% yield; yellow solid; mp 143.8-145.0 °C; '"H NMR (CDCls, 400
MHz) ¢ 7.58-7.57 (m, 2H), 7.56 (d, J = 2.3 Hz, 1H), 7.48 (s, 1H), 7.36 (s, 1H), 7.35 (s, 1H), 7.22
(dd, J= 8.5, 2.2 Hz, 1H), 6.88 (d, J = 8.5 Hz, 1H), 6.68 (s, 1H), 1.54 (septet, J = 7.5 Hz, 2H), 1.39
(s, 9H), 1.35 (s, 9H), 1.18 (d, J = 7.4 Hz, 6H), 0.98 (d, J = 7.5 Hz, 6H); *C NMR (CDCls, 100
MHz) 6 159.7, 156.3, 152.8, 146.4, 142.5 134.9, 129.6, 129.3, 127.4, 122.7, 119.5, 117.5, 117.3,
114.4, 109.9, 105.9, 34.7, 34.4, 31.8, 31.7, 17.7, 17.5, 13.6; HRMS (APCI) calcd for C3oH490,Si
[M]" 460.2792, found 460.2792.
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(2)-2,2-Diisopropyl-5-phenyl-3-[(5-phenylbenzofuran-2-yl)methylene]-2,3-dihydrobenzo[d][
1,2]oxasilole (10d)

The structure of the title compound was determined by the X-ray crystallographic analysis.

39.3 mg, 0.0784 mmol, 78% yield; yellow solid; mp 80.0-81.5 °C; 'H NMR (CDCls, 400 MHz)
07.78 (d,J=2.1 Hz, 1H), 7.75 (d, J = 1.2 Hz, 1H), 7.62-7.59 (m, 3H), 7.57 (s, 1H), 7.52 (dd, J =
8.5, 1.8 Hz, 1H), 7.50 (s, 1H), 7.53-7.41 (m, 5H), 7.37-7.29 (m, 2H), 7.78 (d, J = 8.4, 1H), 7.03 (d,
J=8.4, 1H), 6.76 (s, 1H), 1.60 (septet, J = 7.5 Hz, 2H), 1.23 (d, /= 7.4 Hz, 6H), 1.03 (d, /= 7.5 Hz,
6H); >°C NMR (CDCls;, 100 MHz) § 161.6, 156.6, 154.2, 141.4, 141.3, 137.2, 134.9, 133.4, 130.7,
130.0, 129.3, 128.3, 128.7, 127.4, 127.0, 126.8, 126.6, 124.7, 120.1, 119.8, 115.4, 110.7, 106.2, 17.6,
17.5, 13.7; HRMS (APCI) caled for C34H330,Si [M+H]" 501.2244, found 501.2252.

(2)-2,2-Diisopropyl-5-(trifluoromethyl)-3-{[5-(trifluoromethyl)benzofuran-2-ylmethylene}-
2,3-dihydrobenzo[d][1,2]oxasilole (10e)

The stereochemistry of the title compound was determined by analogy to 10c.

29.0 mg, 0.0599 mmol, 60% yield; yellow solid; mp 129.6-131.1 °C; 'H NMR (CDCls, 400
MHz) 6 7.89 (s, 1H), 7.81 (d, J= 1.6 Hz, 1H), 7.59-7.56 (m, 2H), 7.51 (d, J = 8.4 Hz, 1H), 7.45 (dd,
J=28.5, 1.5 Hz, 1H), 7.03 (d, J= 8.5 Hz, 1H), 6.84 (s, 1H), 1.56 (septet, J= 7.5 Hz, 2H), 1.19 (d, J
= 7.4 Hz, 6H), 0.98 (d, J= 7.5 Hz, 6H); °C NMR (CDCl;, 100 MHz) § 164.2, 157.1, 155.9, 134.8,
130.6, 129.5, 127.4 (q, J = 3.7 Hz), 126.4 (q, J = 32.4 Hz), 124.6 (q, J = 271.5 Hz), 124.4 (q, J =
272.0 Hz), 122.6 (q, J = 32.4 Hz), 122.3 (q, J= 3.6 Hz), 121.0, 119.1 (q, J=4.1 Hz), 118.4 (q, J =
3.8 Hz), 115.5, 111.0, 106.7, 17.4, 17.3, 13.6; HRMS (APCI) calcd for C24H»,F0,Si [M]" 484.1288,
found 484.1286.

(2)-1-{2-[(5-Acetyl-2,2-diisopropylbenzo[d][1,2]oxasilol-3(2H)-ylidene)methyl]benzofuran-5
-yl}than-1-one (10f)

The stereochemistry of the title compound was determined by analogy to 10c.

18.7 mg, 0.0432 mmol, 43% yield; yellow solid; mp 198.7-200.0 °C; '"H NMR (CDCls, 400
MHz) ¢ 8.24 (d, J=2.0 Hz, 1H), 8.23 (d, /= 1.6 Hz, 1H), 7.99 (dd, J = 8.6, 1.8 Hz, 1H), 7.85 (dd, J
= 8.5, 2.0 Hz, 1H), 7.64 (s, 1H), 7.48 (d, J = 8.6 Hz, 1H), 6.999 (d, J = 8.5 Hz, 1H), 6.85 (s, 1H),
2.67 (s, 3H), 2.61 (s, 3H), 1.56 (septet, J = 7.5 Hz, 2H), 1.19 (d, /= 7.4 Hz, 6H), 0.98 (d, J= 7.5 Hz,
6H); °C NMR (CDCls, 100 MHz) 6 197.2, 196.9, 165.9, 157.1, 157.0, 134.4, 133.4, 131.6, 130.6,
130.0, 129.5, 125.9, 122.6, 121.6, 121.0 115.0, 110.6, 107.0, 26.7, 26.4, 17.4, 17.2, 13.5; HRMS
(APCI) calcd for CosHa904Si [M+H]" 433.1830, found 433.1836.

(2)-2,2-Diisopropyl-6-methyl-3-[(6-methylbenzofuran-2-yl)methylene]-2,3-dihydrobenzo[d][
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The stereochemistry of the title compound was determined by analogy to 10c.

28.9 mg, 0.0767 mmol, 77% yield; yellow solid; mp 130.4-131.8 °C; '"H NMR (CDCls, 400
MHz) ¢ 7.43 (d, J= 7.8 Hz, 1H), 7.41 (d, /= 7.9 Hz, 1H), 7.39 (s, 1H), 7.21 (s, 1H), 7.05 (d, J=7.9
Hz, 1H), 6.79 (s, 1H), 6.70 (dd, J = 7.8, 0.8 Hz, 1H), 6.61 (s, 1H), 2.48 (s, 3H), 2.32 (s, 3H), 1.55
(septet, J = 7.5 Hz, 2H), 1.19 (d, J = 7.5 Hz, 6H), 0.98 (d, J = 7.5 Hz, 6H); *C NMR (CDCls, 100
MHz) ¢ 161.9, 155.7, 155.0, 140.5, 135.2, 133.9, 128.0, 127.0, 124.7, 121.0, 120.6, 120.5, 119.0,
115.7, 110.8, 105.4, 21.8, 21.7, 17.6, 17.5, 13.6; HRMS (APCI) calcd for Cp4Hy0,Si [M+H]"
377.1931, found 377.1948.

(2)-2,2-Diisopropyl-9-methyl-3-[(9-methylnaphtho[2,3-b]furan-2-yl)methylene]-2,3-dihydro
naphtho([2,3-d][1,2]oxasilole (10h)

The stereochemistry of the title compound was determined by analogy to 10c.

12.4 mg, 0.260 mmol, 26% yield; yellow solid; mp 180 °C (dec.); 'H NMR (CDCls, 400 MHz) &
8.08 (d, J= 8.6 Hz, 1H), 7.96 (s, 1H), 8.08 (d, J = 8.1 Hz, 1H), 7.901 (s, 1H), 8.11 (d, J = 8.44 Hz,
1H), 7.79-7.77 (m, 2H), 7.53-7.49 (m, 1H), 7.46-7.41 (m, 2H), 7.31-7.28 (m, 1H), 6.895 (s, 1H),
2.93 (s, 3H), 2.600 (s, 3H), 1.76 (septet, J = 7.6 Hz, 2H), 1.33 (d, /= 7.5 Hz, 6H), 0.93 (d, J="7.5
Hz, 6H); °C NMR (CDCl;, 100 MHz) ¢ 158.1, 157.1, 152.7, 136.0, 134.9, 131.7, 131.1, 131.0,
129.4, 128.9, 128.8, 128.6, 126.1, 125.0, 124.0, 123.6, 123.2, 123.1, 121.7, 117.7, 117.0, 115.6,
113.4, 107.8, 17.8, 17.6, 14.0, 11.9, 10.8; HRMS (APCI) calcd for C3,H3,0,Si [M]" 476.2166,
found 4762144.

(2)-2-{3-[2,2-Diisopropylbenzo[d][1,2]oxasilol-3(2H)-ylidene]prop-1-yn-1-yl}phenol (11a)®

21.6 mg, 0.620 mmol, 63% yield; brown oil; 'H NMR (CDCls, 400 MHz) 6 7.48 (dd, J=7.8, 1.3
Hz, 1H), 7.31 (dd, J= 7.7, 1.5 Hz, 1H), 7.28-7.18 (m, 2H), 6.97-6.87 (m, 4H), 6.86 (s, 1H), 5.73 (s,
1H), 1.45 (septet, J = 7.5 Hz, 2H), 1.16 (d, J = 6.7 Hz, 6H), 1.14 (d, J = 7.2 Hz, 6H); °C NMR
(CDCls, 100 MHz) d 161.5, 156.5, 147.4, 131.4, 131.1, 130.5, 130.04, 120.7, 120.5, 120.4, 115.6,
114.8, 110.8, 109.8, 98.2, 86.6, 17.1, 16.9, 12.6; HRMS (ESI) calcd for C,H30,Si [M-H]
347.1473, found 347.1461.

(E)-2,2-Diisopropyl-5-phenyl-3-(6-phenyl-2H-chromen-2-ylidene)-2,3-dihydrobenzo[d][1,2]o
xasilole (12d)
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The structure of the title compound was determined by the X-ray crystallographic analysis.

2.8 mg, 0.0556 mmol, 6% yield; yellow solid; mp 179.7-180.3 °C; 'H NMR (CDCl;, 400 MHz)
08.55(d,J=2.2 Hz, 1H), 7.57-7.66 (m, 2H), 7.57-7.55 (m, 2H), 7.51-7.42 (m, 5H), 7.36-7.31 (m,
4H), 7.15 (d, J = 8.4 Hz, 1H), 6.96 (d, J = 8.3 Hz, 1H), 6.67 (d, J=9.7 Hz, 1H), 6.23 (d, /= 9.7 Hz,
1H), 1.37 (septet, J = 7.2 Hz, 2H), 1.16 (d, J = 7.4 Hz, 6H), 1.12 (d, J = 7.5 Hz, 6H); °C NMR
(CDCl3, 100 MHz) ¢ 160.1, 153.4, 152.2, 142.2, 140.1, 136.5, 133.4, 130.5, 128.9, 128.8, 128.7,
127.3, 126.81, 126.76, 126.3, 126.1, 125.3, 125.0, 124.6, 121.3, 115.6, 114.0, 103.5, 17.2, 17.0,
13.5; HRMS (APCI) calcd for C34H330,Si [M+H]" 501.2244, found 501.2248.
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IV. Crystal Data

Table S2.1. Crystal data and data collection parameters.

10a 10c 10d 12d
formula C2oH»40,Si1 C30H400,Si1 C34H3,0,Si1 C34H3,0,Si1
formula Weight 348.50 460.71 500.72 500.72
crystal color, habit triclinic triclinic triclinic monoclinic
crystal system P-1 P-1 P-1 P2,/c
space group 7.5875(5) 9.7258(7) 7.5246(12) 16.7519(16)
a(A) 16.4957(11) 12.0220(7) 13.4013(12) 9.5290(10)
b (A) 16.9566(10) 12.9241(8) 13.6611(12) 17.7660(17)
c(R) 64.442(6) 88.523(5) 85.096(7) 90
o (deg) 86.575(5) 69.216(6) 85.097(10) 102.357(9)
B (deg) 83.237(6) 79.263(6) 82.508(10) 90
v (deg) 1901.2(2) 1386.72(17) 1357.0(3) 2770.3(5)
V (A% 4 2 2 4
Z 1.218 1.103 1.2254 1.193
deate (9/cm®) 0.135 0.107 0.116 0.111
1 (CuKa) (mm™) 744 500 532.4 1060
Fooo 193(2) 193(2) 213(2) 193(2)
Crystal size (mm®) 0.5x0.5%0.5 0.05x0.05%x 0.05 0.1x0.05x0.05  0.1X0.1X0.01
Temperature (K) 2.418t030.571 4.932t0 60.904 4.46to0 61.52 4.694 to 61.296
@range (deg) -10<h<10 -13<h <12 -10<h<10 -23<h<23
index ranges -23<k<23 -16 <k <16 -19<k<17 -13<k<10
-23<1<23 -18<1<18 -19<1<19 -25<1<25
10903 22579 23510 27551
number
independent 459 0.0288 0.1564 0.0603
reflections
ng&eerters 0 1.022 0.976 1.068
number of restraints  0.0440, 0.1252  0.0574 0.0784 0.0558
R1, WR; [I>20(1)] 0.0550, 0.1355 0.1725 0.2614 0.1796
R1, WR; (all data) 1.075 0.0574 0.0784 0.0558
S 0.405, -0.496 0.1725 0.2614 0.1796
Laggfsatn ; hg;f‘(*g‘%)e 0.0440,0.1252  1.022 0.976 1.068
formula 0.0550, 0.1355 0.63,-0.35 0.79, -0.78 0.42,-0.37
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Chapter 3
Experimental Section

l. General

Anhydrous CH,Cl, (041-32345) was obtained from Wako, and used as received. Solvents for
the synthesis of substrates were dried over Molecular Sieves 4A (Wako) prior to use. Hg-binap and
segphos were obtained from Takasago International Corporation. All other reagents were obtained
from commercial sources and used as received. 1H and >C NMR data were collected on a Bruker
AVANCE III HD 400 (400 MHz) at ambient temperature unless otherwise noted. HRMS data were
obtained on a Bruker micrOTOF Focus II. A single crystal X-ray diffraction measurement was made
on XtalLAB mini II diffractometer using graphite monochromated Mo-Ka radiation. All reactions
were carried out under nitrogen or argon with magnetic stirring.

I1. Synthesis of Bis(2-ethnylphenol)silane

2,2'-((tert-Butyl(methyl)silanediyl)bis(ethyne-2,1-diyl))diphenol (13a)
Me_ ,t-Bu
Si

OTHP OH HO

To a solution of 2-(2-ethynylphenoxy)tetrahydro-2H-pyran® (809 mg, 4.00 mmol) in Et;O (30
mL) was added a solution of n-butyllithium in hexane (2.7 mL, 1.55 M, 4.2 mmol) at 0 °C. The
mixture was warmed to room temperature and stirred for 1 h. To the resulting mixture was added a
solution of tert-butyldichloro(methyl)silane (342 mg, 2.00 mmol) in Et;O (2.0 mL) at 0 °C and the
mixture was warmed to room temperature. After stirring at room temperature overnight, the reaction
was quenched with water and extracted with nhexane. The organic layer was dried over Na,;SOy,
filtered, and concentrated. The residue was roughly purified by a silica gel column chromatography
(n-hexane/EtOAc =20:1) to give the crude product. To a solution of this crude product in MeOH
(5.0 mL) was added pyridinium p-toluenesulfonate (302 mg, 1.20 mmol) and stirred overnight at
room temperature. After evaporation of MeOH, the reaction was quenched with water and extracted
with nhexane. The combined extract was dried over Na,SO4 and concentrated. The residue was
purified by a silica gel column chromatography (n-hexane/EtOAc = 5:1) to give 13a (495 mg, 1.48
mmol, 72 % yield) as a colorless solid.; Mp 57.4.-58.8 °C

'H NMR (CDCls, 400 MHz) § 7.39 (d, J = 7.6 Hz, 2H), 7.29-7.25 (m, 2H), 6.95 (d, J = 8.2 Hz,
2H), 6.87 (dd, J = 7.5 Hz, 2H), 5.82 (s, 2H), 1.13 (s, 9H), 0.47 (s. 3H); >C NMR (CDCl;, 100
MHz) ¢ 157.5, 131.9, 131.2, 120.3, 114.8, 108.9, 101.1, 96.6, 25.9, 17.2, —4.1; HRMS (ESI) calcd
for C,1H2,NaO,Si [MJrNa]+ 355.1281, found 355.1286.

2,2'-((tert-Butyl(methyl)silanediyl)bis(ethyne-2,1-diyl))bis(4-methoxyphenol) (13b)
Me_ ,t-Bu
Si

OH HO

The title compound was prepared by the procedure wused for 13a using
2-(2-ethynyl-4-methoxyphenoxy)tetrahydro-2H-pyran” instead of
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2-(2-ethynylphenoxy)-tetrahydro-2 H-pyran. Colorless solid; Mp 87.2-88.4 °C; '"H NMR (CDCl;,
400 MHz) ¢ 6.88-6.87 (m, 6H), 5.48 (s, 2H), 3.76 (s, 6H), 1.13 (s, 9H), 0.47 (s, 3H); °C NMR
(CDCl3, 100 MHz) ¢ 153.0, 151.9, 118.6, 115.8, 115.2, 108.8, 101.3, 96.3, 55.9, 25.9, 17.3 —4.1;
HRMS (ESI) calcd for C,3H,504Si [M—H]™ 393.1528, found 393.1470.

2,2'-((tert-Butyl(methyl)silanediyl)bis(ethyne-2,1-diyl))bis(4-methylphenol) (13c)
Me_ ,f-Bu
Si

OH HO

The title compound was prepared by the procedure wused for 13a using
2-(2-ethynyl-4-methylphenoxy)tetrahydro-2H-pyran® instead of
2-(2-ethynylphenoxy)tetrahydro-2H-pyran. Pale yellow oil; 'H NMR (CDCls, 400 MHz) 6 7.19 (d,
J=2.1 Hz, 2H), 7.08-7.06 (m, 2H), 6.85 (d, J = 8.4 Hz, 2H), 5.63 (s, 2H), 2.25 (s, 6H), 1.12 (s, 9H),
0.45 (s, 3H); °C NMR (CDCl3, 100 MHz) § 155.4, 132.0, 131.9, 129.6, 114.6, 108.6, 101.3, 96.2,
25.9,20.3, 17.3, —4.1; HRMS (ESI) calcd for C,3H»50,Si [M—H] 361.1629 found 361.1653.

3,3""-((tert-Butyl(methyl)silanediyl)bis(ethyne-2,1-diyl))bis(([1,1'-biphenyl]-4-ol)) (13d)
Me_ ,t-Bu

Si
OH HO
The title compound was prepared by the procedure wused for 13a using
2-((3-ethynyl-[1,1'-biphenyl]-4-yl)oxy)tetrahydro-2H-pyran instead of
2-(2-ethynylphenoxy)tetrahydro-2H-pyran. Colorless soidl; Mp 121.4-121.8 °C; '"H NMR (CDCl;,
400 MHz) 6 7.63 (d, J = 2.3 Hz, 2H), 7.54-7.502 (m, 6H), 7.43-7.39 (m, 4H), 7.33-7.29 (m, 2H),
7.03 (d, J = 8.6 Hz, 2H), 5.83 (s, 2H), 1.16 (s, 9H), 0.498 (s, 3H); *C NMR (CDCls, 100 MHz) 6

156.9, 139.9, 133.8, 130.4, 130.1, 128.8, 127.1, 126.7, 115.3, 109.3, 101.1, 96.7, 25.9, 17.3, 4.1 ;
HRMS (ESI) calcd for C33H,90,Si [M—H] 485.1942, found 485.1919.

2,2'-((tert-Butyl(methyl)silanediyl)bis(ethyne-2,1-diyl))bis(4-(trifluoromethyl)phenol) (13e)
Me_ ,t-Bu
Si

OH HO

The title compound was prepared by the procedure wused for 13a using
2-(2-ethynyl-4-(trifluoromethyl)phenoxy)tetrahydro-2 H-pyran instead of
2-(2-ethynylphenoxy)tetrahydro-2H-pyran. Pale yellow oil; '"H NMR (CDCls, 400 MHz) J 7.67 (d,
J=2.1Hz, 2H), 7.55-7.52 (m, Hz, 2H), 7.05 (d, J = 8.7 Hz, 2H), 6.08 (s, 2H), 1.14 (s, 9H), 0.49 (s,
3H); *C NMR (CDCl;, 100 MHz) 6 159.6 (q, J = 1.0 Hz), 129.5 (q, J = 3.9 Hz), 128.2 (q, J = 3.6
Hz), 123.8 (q, J = 271.4 Hz), 123.2 (q, J = 33.3 Hz), 115.4, 109.4, 99.6, 97.8, 25.8, 17.3 , —4.3;
HRMS (ESI) calcd for Cy3H9FcO2Si [M—H] 469.1064, found 469.1070.

2,2'-((Cyclohexyl(methyl)silanediyl)bis(ethyne-2,1-diyl))diphenol (13f)
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Me_ ,

Cy
Si

saline
OH HO

The title compound was prepared by the procedure used for 13a using instead of
tert-butyldichloro(methyl)silane. Colorless soid; Mp 85.5-86.9 °C; '"H NMR (CDCls, 400 MHz) §
7.39 (dd, J=17.7, 1.4 Hz, 2H), 7.297-7.25 (m, 2H), 6.96 (dd, J = 8.3, 0.7 Hz, 2H), 6.87 (dt, J = 7.6,
1.1 Hz, 2H), 5.81 (s, 2H), 1.96-1.903 (m, 2H), 1.84-1.72 (m, 3H), 1.34-1.24 (m, 6H); *C NMR
(CDCl3, 100 MHz) 0 157.4, 131.9, 131.2, 120.3, 114.8, 108.95, 101.1, 96.9, 27.6, 27.1, 26.6, 25.5, —
3.2; HRMS (ESI) calcd for C,3H,30,Si [M—H] 359.1473, found 359.1490.

I11. Rhodium-Catalyzed Cycloisomerization

Representative procedure: [Rh(cod);|BFs (4.1 mg, 0.010 mmol) and (S)-BINAP (6.2 mg,
0.0050 mmol) were dissolved in CH,Cl, (1.0 mL) and the solution was stirred at room temperature
for 10 min. H, was introduced to the resulting solution in a Schlenk tube. After stirring at room
temperature for 30 min, the resulting mixture was concentrated to dryness and dissolved in CH,Cl,
(0.5 mL). To the residue was added a CH,Cl, (0.5 mL) solution of 13a (33.5 mg, 0100 mmol) at
room temperature. The mixture was stirred at 60 °C temperature for 16 h. The resulting solution
was concentrated and purified by a preparative TLC (n-hexane/Et,O = 90:12), which furnished 14a
(26.4 mg, 0.0788 mmol) as a yellow solid. The stereochemistry of the title compound was
determined by the X-ray crystallographic analysis [See: section IV (crystal data of 14a)].

(2)-3-(Benzofuran-2-ylmethylene)-2-(tert-butyl)-2-methyl-2,3-dihydrobenzo[d][1,2]oxasilole
(14a)

The structure of the title compound was determined by the X-ray crystallographic analysis.

26.4 mg, 0.0788 mmol, 79% yield, yellow solid; Mp 85.0-86.2 °C; [a]st —176.5° (¢ 0.830,
CHCls, 59% ee); 'H NMR (CDCls, 400 MHz) 6 7.57-7.54 (m, 2H), 7.47 (s, 1H), 7.42-7.400 (m,
1H), 7.30-7.26 (m, 1H), 7.24-7.16 (m, 2H), 6.94 (d, J = 8.1, 0.8 Hz, 1H), 6.89 (td J= 7.5, 1.1 Hz,
1H), 6.702 (s, 1H), 1.01 (s, 9H), 0.72 (s, 3H); °C NMR (CDCl;, 100 MHz) J 161.1, 155.6, 154.6,
135.1, 130.6, 130.2, 129.4, 125.0, 123.3, 121.2, 120.8, 120.5, 120.2 115.2, 110.6, 106.4, 26.5, 19.7,
—4.8; HRMS (APCI) calcd for CyH,30,Si [M+H]" 335.1467, found 335.1483.; CHIRALPAK OJ-H
and OJ n-hexane/2-PrOH = 95:5, 0.5 mL/min, retention times: 28.9 min (minor isomer) and 33.5
min (major isomer).

Figure S3.1. ORTEP drawing of ()-14a with ellipsoids at 30% probability. All hydrogen atoms
are omitted for clarity. Dihedral angle between two double bonds of 14a is 20.7°.

169



R

(2)-2-(tert-Butyl)-5-methoxy-3-((5-methoxybenzofuran-2-yl)methylene)-2-methyl-2,3-dihydr
obenzo[d][1,2]oxasilole (14b)

The stereochemistry of the title compound was determined by analogy to 14c.

31.2 mg, 0.0791 mmol, 79% yield, yellow solid; Mp 156-157 °C; [a]zSD—107.8° (¢ 0.660, CHCl;,
48% ee); 'H NMR (CDCls, 400 MHz) d 7.39 (s, 1H), 7.29 (d, J = 8.9 Hz, 1H), 7.07 (d, J = 2.8 Hz,
1H), 7.01 (d, J = 2.6 Hz, 1H), 6.89 (dd, J = 8.9, 2.6 Hz, 1H), 6.85 (d, /= 8.7 Hz, 1H), 6.76 (dd, J =
8.8, 2.8 Hz, 1H), 6.96 (s, 1H), 3.84 (s, 3H), 3.81 (s, 3H), 0.99 (s, 9H), 0.69 (s, 3H); *C NMR
(CDCl3, 100 MHz) 6 156.34, 156.34, 155.5, 153.6, 149.6, 135.4, 130.9, 129.9, 120.6, 116.7, 115.4
113.8, 111.0, 106.7, 105.3, 103.6, 55.9, 26.5, 19.6, —4.7, HRMS (APCI) calcd for C,3H,704Si
[M+H]" 395.1673 found 395.1676.; CHIRALPAK OD-H n-hexane/2-PrOH = 97:3, 0.5 mL/min,
retention times: 12.0 min (minor isomer) and 13.0 min (major isomer).

(9)-(2)-2-(tert-Butyl)-2,5-dimethyl-3-((5-methylbenzofuran-2-yl)methylene)-2,3-dihydrobenz
o[d][1,2]oxasilole [(-)-14c]

The structure of the title compound was determined by the X-ray crystallographic analysis.

29.9 mg, 0.0824 mmol, 82% yield, yellow solid; Mp 156.2—-157.4 °C; [a]ZSD —133.1° (¢ 0.695,
CHCI3, 56% ee); '"H NMR (CDCls, 400 MHz) & 7.43 (s, 1H), 7.35 (d, T = 11.5 Hz, 2H), 7.28 (d, J =
8.4 Hz, 1H), 7.24 (s, 1H), 7.09 (d, J = 8.3 Hz, 1H), 6.90 (d, J = 6.8 Hz, 1H), 6.62 (s, 1H), 2.42 (s,
3H), 2.31 (s, 3H), 1.00 (s, 9H), 0.69 (s, 3H); °C NMR (CDCls, 100 MHz) 6 159.0, 155.9, 153.0,
135.0, 132.7, 130.9,130.3, 129.5, 129.2, 126.2, 121.1, 121.0, 120.3, 114.8, 110.1, 106.1, 26.6, 21.3,
20.9, 19.7; HRMS (APCI) calcd for Cy3H,;,0,Si [M+H]" 367.1780 found 363.1792; CHIRALPAK
OJ-H and OJ n-hexane/2-PrOH = 95:5, 0.5 mL/min, retention times: 25.9 min (minor isomer) and
37.2 min (major isomer).

p—

J°

v

A5

y 7 7.6°

Figure S3.2. ORTEP drawing of ()-14c with ellipsoids at 30% probability. All hydrogen atoms are
omitted for clarity. Side view of 14c. Dihedral angle between two double bonds of 2¢ is 7.6°.

O~

—
\

(-)-(2)-2-(tert-Butyl)-2-methyl-5-phenyl-3-((5-phenylbenzofuran-2-yl)methylene)-2,3-dihydr
obenzo[d][1,2]oxasilole[(-)-14d]
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The stereochemistry of the title compound was determined by analogy to 14c.

42 mg, 0.0862 mmol, 86% vyield, yellow solid; Mp 90.3-91.7 °C; [a]*’p—52.2° (¢ 1.41, CHCI;,
45% ee); '"H NMR (CDCl3, 400 MHz) 6§ 7.78 (d, J = 2.1 Hz, 1H), 7.74 (d, J = 1.4 Hz, 1H), 7.60—
7.59 (m, 4H), 7.56 (s, 1H), 7.52-7.40 (m, 7H), 7.35-7.29 (m, 2H), 7.01 (d, J = 8.3 Hz, 1H). 6.75 (s,
1H), 1.06 (s, 9H), 0.75 (s, 3H); °C NMR (CDCls;, 100 MHz) 6 160.8, 156.2 154.2, 141.4, 141.3
137.1, 135.2, 133.6, 130.8, 129.9, 129.3, 128.8, 128.7, 127.4, 127.0, 126.8, 126.7, 124.8 120.7,
119.7, 119.5, 115.4, 110.7, 106.7, 26.6, 19.7, —4.7; HRMS (APCI) calcd for C33H3,0,Si [M+H]"
487.2088 found 487.2082. CHIRALPAK AD-H n-hexane/2-PrOH = 97:3, 0.5 mL/min, retention
times: 15.7 min (major isomer) and 22.5 min (minor isomer).

(2)-2-(tert-Butyl)-2-methyl-5-(trifluoromethyl)-3-((5-(trifluoromethyl)benzofuran-2-yl)meth
ylene)-2,3-dihydrobenzo[d][1,2]oxasilole (14€)

The stereochemistry of the title compound was determined by analogy to 14c.

37.0 mg, 0.0787 mmol, 79% yield, yellow solid; Mp 193.8-194.5 °C; 'H NMR (CDCls, 400
MHz) ¢ 7.88 (s, 1H), 7.82 (d, J = 1.3 Hz, 1H), 7.59-7.56 (m, 1H), 7.500 (d, J = 8.6 Hz, 1H), 7.45
(dd, J = 8.5, 1.5 Hz, 1H), 7.004 (d, J = 8.4 Hz, 1H), 6.84 (s, 1H), 1.01 (s, 9H), 0.74 (s, 3H); °C
NMR (CDCls, 100 MHz) 6 163.4 (q, J = 1.1 Hz), 156.7, 155.6 (q, J = 1.2 Hz), 135.2, 130.7, 129.4,
127.5(q,J=3.7 Hz), 126.4 (q, J = 31.5 Hz), 124.5 (q, J = 272.0 Hz), 122.7 (q, J = 32.4 Hz), 122.4
(q, /=3.6 Hz), 121.5, 119.1 (q, J=4.0 Hz), 118.4 (q, /= 3.8 Hz), 115.5, 110.97, 107.6, 26.3, 19.7,
—4.8; HRMS (APCI) calcd for C,3Ha0Fs0,Si [M+H]" 470.1131, found 470.1136.

(-)-(2)-2-(3-(2-(tert-Butyl)-2-methylbenzo[d][1,2]oxasilol-3(2H)-ylidene)prop-1-yn-1-yl)phen
ol [(-)-15a]

The stereochemistry of the title compound was determined by analogy to previous report?).

21.4 mg, 0.064 mmol, 64 % yield as a brown oil. "H NMR (CDCls, 400 MHz) 6 7.47 (dd, J=17.7,
1.3 Hz, 1H), 7.31 (dd, J = 7.7, 1.5 Hz, 1H), 7.27-7.19 (m, 2H), 6.97-6.86 (m, 1H), 6.84 (s, 1H),
5.71 (s, 1H), 1.07 (s, 9H), 0.59 (s, 3H); °*C NMR (CDCls, 100 MHz) § 161.0, 156.5, 148.1, 131.4,
131.2, .130.5, 129.9, 120.7, 120.55, 120.53, 115.6, 114.9, 111.0 109.8, 98.0, 87.1, 25.9, 19.9, —6.8;
HRMS (ESI) caled for C;Hx4NaOSi [M+Na]™ 355.1489, found 355.1501. CHIRALPAK AD-H
n-hexane/2-PrOH = 90:1, 1.0 mL/min, retention times: 7.0 min (major isomer) and 9.2 min (minor
isomer).

(E)-2-(tert-Butyl)-2-methyl-5-(trifluoromethyl)-3-(6-(trifluoromethyl)-2H-chromen-2-yliden
171



e)-2,3-dihydrobenzo[d][1,2]oxasilole (16e)

The structure of the title compound was determined by the X-ray crystallographic analysis.

1.2 mg, 0.00255 mmol 6% yield, yellow solid; Mp 131.8-133.0 °C; 'H NMR (CDCls, 400 MHz)
08.39 (d,J=2.0Hz, 1H), 7.47 (dd, J= 8.6, 1.8 Hz, 1H), 7.31 (d, J= 1.9 Hz, 1H),7.28 (dd, J = 8.4,
1.5 Hz, 1H), 7.11 (d, J = 8.5 Hz, 1H), 6.87 (d, J = 8.4 Hz, 1H), 6.603 (d, J=9.8 Hz, 1H), 6.22 (d, J
=9.8 Hz, 1H), 0.95 (s, 9H), 0.49 (s, 3H); *C NMR (CDCl;, 100 MHz) d 161.3, 154.6, 151.3, 128.8,
127.9, 126.2 (q, J = 3.7 Hz), 125.2, 125.1, 124.9, 124.7, 124.1, 124.03, 124.0; 123.9, 1229 (q, J =
3.8 Hz), 122.6 (q, J=3.9), 122.5,121.6 (q, J =31.9), 121.4, 120.1, 119.8, 118.7, 114.8, 104.2, 24.6,
19.4, —1.0; HRMS (APCI) calcd for Cp3H,0Fs0,Si [M+H]" 470.1131, found 470.1145.
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IV. Crystal Data
Table S3.1. Crystal data and data collection parameters.

(¥)-14a (¥)-14c¢ (¥)-16e
formula C21H22028i C23H25028i C23H20F6028i
formula Weight 334.47 362.53 470.48

crystal color, habit
crystal system
space group

a(A)

b (A)

c(A)

o (deg)

P (deg)

v (deg)

V (A%

Z

dearc (9/cm”)

1 (Cu Ko) (mm™?)
Fooo

Crystal size (mm®)
Temperature (K)
@ range (deg)

index ranges

number of
reflections

number of parameters
number of restraints
R1, WR; [1>20(1)]

Ri, WR; (all data)

S

largest difference peak and hole

(eA”)

independent

colorless block
monoclinic
P2i/c
7.3798(9)
18.6313(18)
13.1095(14)
90

90.358(3)

90

1802.5(3)

4

1.233

0.140

712
0.068x0.044x0.042
93(2)
3.108-27.456
-9<h<9
-20<k<24
-16<1<16
4093

221

0

0.0702, 0.1597

0.1549, 0.2216
0.989

0.373, -0.309

light yellow block
orthorhombic
Pbca
7.4235(7)
20.8644(16)
25.5722(18)
90

90

90

3960.8(6)

8

1.216

0.132

1552
0.05x0.05x0.05
293(2)
2.520-30.647
-10<h <10
-24 <k<29
-36<1<36
5832

241

0

0.0464, 0.1426

0.0646, 0.1526
1.047

0.355, -0.310

light yellow block
monoclinic
P12l/cl
8.1010(11)
15.854(2)
17.576(2)

90
94.934(12)
90

2248.9(5)

4

1.390

0.171

968
1x0.05%0.05
293(2)
2.326-30.687
-11<h<ll
-21<k<22
-25<1<24
6497

349

72

0.0818, 0.2276

0.1171, 0.2486
1.137

0.461, -0.385
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Chapter 4
Experimental Section

I Computational Study 1

Calculation method: The density functional theory (DFT) calculations were employed with
long-range and dispersion corrected ®B97X-D functional” using the Stuttgart-Dresden SDD
effective core potential basis set on Rh atom? and the 6-31G(d,p) basis sets on all other atoms. ®
Solvent effect of dichloromethane was included in the calculations by using the Polarizable
Continuum Model (PCM) using the integral equation formalism (IEFPCM).” The optimised
molecular structures were verified by vibrational analysis; equilibrium structures did not have
imaginary frequencies and transition state structures had only one imaginary frequency
corresponding to the reaction coordinate. Additionally, the intrinsic reaction coordinate (IRC)
calculations®® were carried out to check whether the transition state leads to the reactant and the
product, or not. Gibbs energies were calculated by using the unscaled vibrational frequencies. All
calculations were carried out using the Gaussian 09 program.”

10
5 Q\%-fﬁ”*
O-siN
o L Me Me Ph
PR A N
. AE_TS
»
5 L «—[Rh]" ¢
o Qoo
E 0---Si— = Ph *
= -10 + Me Me *
m .
L2 A o
g *
> -15 .
2 .
| ‘.
T 20 | ..
o
=
25 + ‘e, " “="Pn
. O-Si.
., "Me
'S Me
30 L “,‘ E-2
0.“
Y
_35 | | |
5 0 -5 -10 -15

Reaction Coordinate, (amu)-"2Bohr

Figure S4.1. IRC curve for AE_TS, transition state connecting A and E-2.
The followings are the cartesian coordinates and Gibbs free energies for the optimized structures

for A, AE_TS, E-1, and E-2 taken from Gaussian output. Th imaginary frequency is also given for
AE_TS.
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Compound: A

Gibbs Free Energies= -2856.943751 hartree

Center

Number

© 00 N o o A W N

N N DD NN DN NRNDRN R B B B B B R R R
©® N o U B W N BRFP O © 0N o 0o M W N B O

Standard orientation:

Atomic

Number

Atomic

Type

-
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O O O O O O O O O O O O 0O O OO o o o o o o o o o o o o

-4.807751
-5.178902
-6.098723
-4.278786
-6.544613
-6.990187
-4.721317
-7.257622
-8.057052
-6.452679
-3.798316
-2.840824
-1.754435
-1.991651
-1.681043
-1.652971
-0.706939
-2.462106
-1.606889
-2.334827
-0.599061
-1.631831
-0.157573

1.065967

2.468788

5.137395

3.231449

3.059691

176

Y

-0.664985
0.335466
2.944757
1.368746
0.605637
1.905482
2.685468

-0.188706
2.113734
3.951518
3.601835
1.296359
0.656602
3.098373
4.189861
3.560039
4.685784
4.943301
3.719943
4.461354
4.147250
2.872744
2.257733
1.982336
2.284323
2.959161
2.924378
1.975477

0.017188
0.220741
0.742113
0.474948
0.227133
0.488402
0.736602
0.029349
0.493001
0.941840
0.962360
0.498420
0.352591
0.820537
-0.691034
-1.589251
-0.612276
-0.822928
2.562512
2.902789
2.608497
3.259598
0.659156
0.666557
0.889656
1.388043
-0.094181
2.121923



29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63

N T e e B =)
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4.383412
4.559685
2.779265
2472514
4.831576
5.141552
6.173810
0.036378
-0.711037
2.099617
-0.690538
-0.590629
-0.708303
-0.621047
-0.573194
-0.658994
-0.768047
-0.594377
-0.518076
-0.672814
-0.549456
-2.370656
-4.875566
-2.692949
-3.320022
-4.568020
-3.935302
-1.973683
-5.300507
-4.175046
-5.850045
3.544557
5.626465
3.328513
4.804887

177

2.317425
3.256817
3.163899
1.464094
2.070015
3.754940
3.219363
0.085474
-1.993965
-0.771178
-3.164645
-4.882299
-4.553503
-2.647917
-3.502979
-5.406751
-4.979432
-1.570351
-3.089800
-6.481550
-5.549719
-2.135044
-2.226387
-1.225755
-3.080083
-3.123377
-1.275747
-0.462855
-3.858050
-0.563072
-2.258374
-0.872055
-1.108508
-1.496237
-0.350456

2.369006
0.156501
-1.050931
2.878218
3.326290
-0.613376
1.581122
0.057176
-0.456923
-0.688145
0.949858
3.157142
0.769127
2.248249
3.346837
1.867275
-0.228449
2.389450
4.349214
1.715371
4.012505
-1.214838
-2.457633
-2.230883
-0.818015
-1.438606
-2.852952
-2.518973
-1.118664
-3.635789
-2.935134
0.429103
2.281358
1.665224
0.140043



64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
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Transition state: AE_TS

imaginary frequency= 208.30i cm™

Gibbs Free Energies= -2856.939634 hartree

5.841075
4.364307
2.340917
4.982061
6.815761
4.185241
6.436140
2.676343
3.456610
3.752764
1.988976
2.377718
4.143299
4.298414
1.143935
1.835570
4.982367
3.761492
-3.097137
0.441346
0.218172
0.292552
1.862154
2.022792
2.610484

Standard orientation:

Center Atomic Atomic
Number Number Type
1 1 0

4.436956

178

-0.471507
-1.618572
-1.879681
0.172976
-0.053511
-2.106309
-1.199300
-0.012846
1.155695
-0.537268
1.093849
1.676409
0.046771
-1.399993
1.495068
2.535894
-0.365270
1.609277
-3.780276
-2.762568
-3.820120
-2.234757
-2.559314
-3.160377
-2.865085

Y

-0.481920

1.063684
2.583604
1.915559

-0.793154
0.831060
3.537092
2.999220

-2.250119

-4.671174

-2.977429

-2.757836

-3.962136

-4.178047

-2.604496

-2.204339

-4.344410

-4.730093

-5.609393

-0.019422

-1.682725

-1.851427

-2.631564

-1.161395

-0.259383

-1.898033

0.469457
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4.879869
5.990760
4.063246
6.255617
6.796246
4.606743
6.903276
7.870234
6.419475
3.763158
2.630427
1.508975
1.971343
1.416021
1.338525
0.430037
2.135355
1.612911
2.357235
0.614483
1.647032
-0.182216
0.066120
-1.167367
-2.180719
0.726681
-1.681781
-1.315472
-2.537255
-0.574668
-0.986209
-0.140646
-3.176358
-4.570752
-4.289027

179

0.463532
2.932310
1.490488
0.666524
1.895248
2.742343
-0.124538
2.050376
3.884584
3.677246
1.514320
0.885160
3.192992
4.477159
4.010757
4.878541
5.299440
3.489663
4.160943
3.916023
2.537601
0.082388
2.183830
1.894646
-0.892015
-1.915361
-2.212709
-1.709892
-2.833285
-3.051619
-3.624798
-3.757885
-1.829392
-3.328365
-2.592994

0.164980
-0.612293
-0.305533

0.244313
-0.145888
-0.695788

0.609222
-0.083028
-0.909224
-1.122472
-0.464563
-0.356170
-1.073622

0.188571

1.177705
-0.067072

0.252294
-2.897231
-3.336519
-3.037734
-3.439746
-0.104355
-0.846454
-0.775117

0.625566
0.508508
1.833368
2.735252
2.118090
1.193374
0.354670
1.907421
-0.585866
-2.491148
-0.210254



37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
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-2.762110
-3.457336
-4.985019
-4.620310
-1.885013
-3.126841
-5.849320
-5.114684
-3.334356
-4.944478
-2.800656
-4.673972
-5.474046
-3.602563
-1.747848
-5.096406
-6.512280
-3.177948
-5.570659
2.008509
3.977830
2.925757
2.086868
3.065507
3.905480
2.890725
1.391956
3.121948
4.618036
4.749227
1561376
2.943543
1.494045
2.328456
3.019037

180

-1.838820
-2.584072
-3.334244
-2.604396
-1.263855
-2.583419
-3.918982
-3.908673
0.153522
1.869860
0.849597
0.343607
1.198235
1.697021
0.741945
-0.154891
1.345516
2.228396
2.536167
-1.802365
-1.541987
-2.835791
-0.640615
-0.512383
-2.704574
-3.739785
0.173279
0.398450
-3.508046
-1.437751
-2.888699
-4.299660
-4.285395
-2.206889
-2.909053

-1.921176
-2.871121
-1.159276
0.824846
-2.209471
-3.905192
-0.859831
-3.230263
1.581157
3.093069
2.673741
1.241109
1.996154
3.429399
2.925345
0.375465
1.714969
4.275773
3.678743
1.818465
3.789074
2.043380
2.593157
3.576036
3.022742
1.441923
2.404701
4.164076
3.182603
4.546037
-0.797826
-2.782508
-0.852055
-1.750220
-2.733026
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Compound: E-1

Gibbs Free Energies= -2856.984037 hartree

Center

Number

© 00 N o o B~ W N e

[EY
o

2.179556
0.913163
2.381317
3.611031
2.116810
3.477432
-2.561793
-5.238166
-3.067758
-3.412594
-4.741414
-4.398185
-2.412762
-3.025872
-5.390230
-4.781901
-6.277377

Standard orientation:

Atomic Atomic

Number Type
15 0

15 0

6 0

6 0

6 0

6 0

6 0

6 0

1 0

1 0

-0.691570

2.316741
-1.854484
-3.528549
-3.242020
-1.312582
-2.143272
-4.074195
-3.685405
-0.233618

181

-4.985883
-4.840480
-1.122031
-2.367667
-6.069247
-4.846889
2.290247
3.085575
3.281569
1.696049
2.096277
3.673426
3.731156
0.921541
1.630482
4.435951
3.392434

Y

-1.487672
-0.965119
-2.582585
-4.190556
-2.443625
-3.530048
-4.335595
-3.240796
-1.706606
-3.627182

-1.842170
-0.121555
-1.726042
-3.464518
-1.875135
-3.553395
-0.877921
-1.067328
-0.027788
-1.817413
-1.913214
-0.123556

0.711833
-2.471718
-2.649099

0.547471
-1.138129

0.570050

0.639392
-0.327109
-1.896370
-0.254768
-1.206240
-1.976970
-1.038390

0.404707
-1.303602



11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
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-1.709636
-5.150533
-4.176987
-1.693316
-3.105865
-1.601263
-2.499696
-3.205310
-2.301692
-0.979678
-2.589922
-3.831963
-2.224986
-3.656445
3.471041
5.134796
4.447750
3.333757
4.161706
5.276736
4.570883
2.566178
4.044009
6.032899
5.781388
3.369293
4.792954
4.751509
2.705387
3.411321
5.458957
5.283394
1.623467
2.882249
6.533660

182

-5.069557
-3.109115
-4.812611
-0.686350
0.585459
0.696401
-1.428005
-0.795873
1.330945
1.271025
-2.504470
-1.381385
2.407801
1.077783
-2.210606
-4.163968
-2.844585
-2.574755
-3.546408
-3.812604
-2.575271
-2.094275
-3.820667
-4.294433
-4.920870
0.326170
2.496423
0.416788
1.344853
2.418519
1.495982
-0.345722
1.306892
3.200280
1.555009

-2.649628
-0.977274
-2.506111
1.885952
3.943704
2.061572
2.758073
3.777597
3.084893
1.380865
2.636394
4.443382
3.203288
4.739668
-0.050908
-1.172094
0.728051
-1.393420
-1.952956
0.170323
1.774077
-1.994589
-2.996984
0.782718
-1.605911
1.402429
2.457595
1.229245
2.099423
2.629262
1.756418
0.669380
2.209607
3.166047
1.611273



46
47
48
49
50
51
52
53
54
55
56
57
58
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69
70
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72
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74
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76
77
78
79
80
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5.345700
0.601675
-0.173573
-2.295952
-3.486123
-4.855776
-7.515163
-5.841319
-5.221551
-6.541258
-7.159876
-5.563777
-4.460496
-6.808598
-7.913284
-8.545116
1.289720
4.081945
2.032412
1.977652
3.391314
3.407543
1.434382
3.927303
3.958244
5.167042
-0.389866
-1.347628
-1.571825
-0.774650
-2.293586
-0.912343
-0.329017
-0.782987
-1.971294

183

3.338039
-0.143353
2.159743
0.993322
0.865056
0.643003
0.114898
0.502228
0.519782
0.256182
0.240260
0.591813
0.626787
0.159174
0.130625
-0.092263
1.974553
1.928625
3.059482
0.903223
0.893134
3.034294
0.186410
0.068458
3.858412
1.909663
3.926212
4.083069
5.125402
3.645643
3.534381
5.204442
5.109980
6.220085
5.072695

2.864368
-0.630497
-1.600045
-1.222657
-0.998779
-0.657153

0.054263
-1.645754

0.694161

1.042046
-1.287955
-2.691377

1.461070

2.090288
-2.062386

0.328561
-1.709927
-1.689032
-1.163355
-2.310497
-2.285267
-1.132793
-2.927964
-2.744185
-0.691477
-1.661758
-1.038184

0.560832

0.810087

1.385739

0.479946
-2.297633
-3.219310
-1.906943
-2.549412
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Compound: E-2

Gibbs Free Energies=-2857.002176 hartree

Center

Number
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1.296395
-0.897487
0.362302
0.690173
-0.211621
1.570578
2.297400
1.250840

Standard orientation:

Atomic

Number

Atomic
Type

oS O O P P P OO OO OO0 O OO0 O

[N
SN
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-4.807751
-5.178902
-6.098723
-4.278786
-6.544613
-6.990187
-4.721317
-7.257622
-8.057052
-6.452679
-3.798316
-2.840824
-1.754435
-1.991651
-1.681043
-1.652971
-0.706939
-2.462106
-1.606889

184

4.113699

1.015474
-2.654844
-3.462708
-3.104285
-1.871487
-2.526840
-1.119613

Y

-0.664985
0.335466
2.944757
1.368746
0.605637
1.905482
2.685468

-0.188706
2.113734
3.951518
3.601835
1.296359
0.656602
3.098373
4.189861
3.560039
4.685784
4.943301
3.719943

-0.711010
-1.412204
1.566467
0.902333
2.382787
2.084419
2.573663
2.815372

0.017188
0.220741
0.742113
0.474948
0.227133
0.488402
0.736602
0.029349
0.493001
0.941840
0.962360
0.498420
0.352591
0.820537
-0.691034
-1.589251
-0.612276
-0.822928
2.562512



20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
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41
42
43
44
45
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-2.334827
-0.599061
-1.631831
-0.157573
1.065967
2.468788
5.137395
3.231449
3.059691
4.383412
4.559685
2.779265
2.472514
4.831576
5.141552
6.173810
0.036378
-0.711037
2.099617
-0.690538
-0.590629
-0.708303
-0.621047
-0.573194
-0.658994
-0.768047
-0.594377
-0.518076
-0.672814
-0.549456
-2.370656
-4.875566
-2.692949
-3.320022
-4.568020

185

4.461354
4.147250
2.872744
2.257733
1.982336
2.284323
2.959161
2.924378
1.975477
2.317425
3.256817
3.163899
1.464094
2.070015
3.754940
3.219363
0.085474
-1.993965
-0.771178
-3.164645
-4.882299
-4.553503
-2.647917
-3.502979
-5.406751
-4.979432
-1.570351
-3.089800
-6.481550
-5.549719
-2.135044
-2.226387
-1.225755
-3.080083
-3.123377

2.902789
2.608497
3.259598
0.659156
0.666557
0.889656
1.388043
-0.094181
2.121923
2.369006
0.156501
-1.050931
2.878218
3.326290
-0.613376
1.581122
0.057176
-0.456923
-0.688145
0.949858
3.157142
0.769127
2.248249
3.346837
1.867275
-0.228449
2.389450
4.349214
1.715371
4.012505
-1.214838
-2.457633
-2.230883
-0.818015
-1.438606
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-3.935302
-1.973683
-5.300507
-4.175046
-5.850045
3.544557
5.626465
3.328513
4.804887
5.841075
4.364307
2.340917
4.982061
6.815761
4.185241
6.436140
2.676343
3.456610
3.752764
1.988976
2.377718
4.143299
4.298414
1.143935
1.835570
4.982367
3.761492
-3.097137
0.441346
0.218172
0.292552
1.862154
2.022792
2.610484

-1.275747
-0.462855
-3.858050
-0.563072
-2.258374
-0.872055
-1.108508
-1.496237
-0.350456
-0.471507
-1.618572
-1.879681
0.172976
-0.053511
-2.106309
-1.199300
-0.012846
1.155695
-0.537268
1.093849
1.676409
0.046771
-1.399993
1.495068
2.535894
-0.365270
1.609277
-3.780276
-2.762568
-3.820120
-2.234757
-2.559314
-3.160377
-2.865085

-2.852952
-2.518973
-1.118664
-3.635789
-2.935134
0.429103
2.281358
1.665224
0.140043
1.063684
2.583604
1.915559
-0.793154
0.831060
3.537092
2.999220
-2.250119
-4.671174
-2.977429
-2.757836
-3.962136
-4.178047
-2.604496
-2.204339
-4.344410
-4.730093
-5.609393
-0.019422
-1.682725
-1.851427
-2.631564
-1.161395
-0.259383
-1.898033



Il. Computational Study 2

Calculation method: Calculations for mechanistic studies were performed using the two-layer
(QM:QM) ONIOM method.? It subdivides the molecule into two layers, with each being described
at a different level of theory. The important part of the molecule is described at a high level of
theory. The whole molecule is treated using computationally cheaper lower-level approaches.
Density functional theory (DFT) was used as the high level of theory, combined with the
semiempirical PM6 method® as the low level. As the DFT method, the long-range and dispersion
corrected ®B97X-D functional was selected.? The 6-31+G(d,p) basis set was employed for H, C, O,
Si, and P atoms.’® The Stuttgart-Dresden SDD effective core potential basis set was used for Rh
atom.? An additional f polarization function was added to Rh atom (Cirn=1.350). " The Figure S2
illustrates for distinguishing ONIOM layers visually: ball-and-stick and tube model representations
for the ®B97X-D and PMG6 layers, respectively. The solvent effect was not included in the ONIOM
calculations because the n—Rh dative bonds in the structures such as | and C were cleaved in the
ONIOM calculations including the solvent effect of dichloromethane by using the Polarizable
Continuum Model using the integral equation formalism (IEFPCM).'® The formation of the 7—Rh
dative bonds in the structures I, C, D, B, and A was confirmed by the DFT calculations for the
whole molecule including the solvent effect of dichloromethane by using IEFPCM. The DFT
calculations of the transition states are under progress, and we will report the details elsewhere. The
optimized molecular structures were verified by vibrational analysis; equilibrium structures did not
have imaginary frequencies and transition state structures had only one imaginary frequency
corresponding to the reaction coordinate. Additionally, the intrinsic reaction coordinate (IRC)
calculations®*® were carried out to check whether the transition state leads to the reactant and the
product, or not. Gibbs energies were calculated by using the unscaled vibrational frequencies. All
calculations were carried out using the Gaussian 16 program.”

I
Figure S4.2. Optimized structures and distinguishing ONIOM layers visually: ball-and-stick and
tube model representations for the ®B97X-D and PM6 layers, respectively. (Continued)
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Figure S4.2. Continued.
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Figure S4.2. Continued.
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Figure S4.2. Continued.
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Table S4.1. The electronic energy and thermal correction to Gibbs free energy of the optimized
structures by the ONIOM calculations. The imaginary frequency is also given for TS.

compound BFs HBF, | C CD_TS
Electronic energy -424.442808 -424.9143366 -1931.641037 -1931.181644 -1931.171225
(Hartree)

Gibbs correction -0.011363 -0.007926 0.690744 0.677719 0.677786
(Hartree)

imaginary — — — — 106.07i
frequency (cm™)

compound D DB_TS B BE_TS E

Electronic energy

-1931.212685

-1931.184947

-1931.185567

-1931.183752

-1931.255651

(Hartree)

Gibbs correction 0.680991 0.680187 0.67858 0.681787 0.682145
(Hartree)

imaginary — 59.03; — 197.93i -
frequency (cm™)

compound IA_TS A G-Z G-E H-Z
Electronic energy -1931.614513 -1931.615972 -1931.697474 -1931.697502 -1931.68519
(Hartree)

Gibbs correction 0.691075 0.688626 0.693392 0.69421 0.694932
(Hartree)

imaginary 58.72i — — — —
frequency (cm™)

compound H-E J M MN_TS N

Electronic energy

-1931.680589

-1931.280147

-1931.238182

-1931.213682

-1931.283452

(Hartree)

Gibbs correction 0.694152 0.685338 0.682995 0.685253 0.687965
(Hartree)

imaginary — — — 282.35i —
frequency (cm™)

compound MO_TS o

Electronic energy -1931.22875 -1931.284128

(Hartree)

Gibbs correction 0.683025 0.687224

(Hartree)

imaginary 322.15i —

frequency (cm™)
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Compound B

Atomic Coordinates (Angstroms)
Symbol X Y

H -4.934400 -1.225989 -0
c -5.486837 -0.307530 -0
c -6.883601 2.091980 0
C -4.803528 0.903184 -0
C -6.873277 -0.321662 (]
c -7.555196 0.877429 0
c -5.488583 2.116642 0
H -7.418863 -1.255640 -0
H -8.636080 0.863270 0
H -7.415620 3.019098 (]
0 -4.763070 3.213131 0
c -3.381921 1.120854 -0
C -2.189532 0.704843 -0
Si -2.914112 3.092014

C -2.971043 4.233104 -1.
H -2.989849 3.623597 -2
H -2.075122 4.860680 -1.
H -3.866534 4.857344 -1.
C -2.529855 3.772685 1
H -3.434787 4.129401 2
H -1.818009 4.603547 1
H -2.068046 2.992509 2
Rh -0.279219 0.458877 -0
C -0.957147 2.687503 -0
C 0.218958 2.694162 -0
P 1.971435 0.046762 0
P -0.619857 -1.771279 -0
C 1.476813 3.281418 -1
C 3.880193 4.535395 -1
C 2.278631 2.772939 -2
C 1.894670 4.447903 -0
C 3.095886 5.066516 -0
C 3.474180 3.390727 -2
H 1.936877 1.890673 -2
H 3.395164 5.957655 -0
H 4.082836 2.982893 -3
H 4.813002 5.023364 -2.
C -2.070785 -2.319210 -1
C -4.234590 -3.055501 -2
C -2.768714 -3.498147 -0
C -2.458295 -1.499899 -2
C -3.537937 -1.872055 -3
C -3.851071 -3.864579 -1
H -2.508496 -4.149712 -0
H -1.936208 -0.549306 -2
H -3.846004 -1.230218 -3
H -4.400571 -4.780328 -1
H -5.082030 -3.341251 -3
C -0.939240 -2.488350 1
C -1.565328 -3.452523 3
C -1.346460 -1.596953 2
C -0.817737 -3.855999 1
C -1.136229 -4.335854 2
C -1.666582 -2.084734 3
H -1.415862 -0.511911 2
H -0.469804 -4.561693 0
H -1.050409 -5.399086 3

.293604
.107865
.362538
.005518
.024868
.259867
.228440
.051890
.364372
.543243
.308764
.110073
.214186
Q.

063922
440634

.350952

489166
423416

.786895
.281667
.712770
.400044
.224999
.285447
.696930
.267788
.208966
.092764
.780886
.119964
.417852
.763353
.468289
.651162
.224537
.267388

042478

.186637
.796941
.913180
.256306
.063967
.723133
.076871
.463182
.889656
.508981
.420802
.437141
.977685
.435571
.704943
.979373
.709124
.236252
.946810
.196598

192

H -1.996559 -1.396240 4.
H -1.818782 -3.833080 4.
C 3.107382 -0.538988 -1.
C 4.757526 -1.419199 -3.
C 4.382571 -1.034847 -0.
C 2.642902 -0.508652 -2.
C 3.474003 -0.945499 -3.
C 5.209267 -1.468109 -1.
H 4.750259 -1.104547 0.
H 1.629523 -0.146401 -2.
H 3.117962 -0.916024 -4.
H 6.206466 -1.845888 -1.
H 5.406973 -1.754081 -3
C 2.859173 1.425820 1
C 4.052126 3.485589 2
C 4.206962 1.723205 %]
C 2.088284 2.188512 1
C 2.690007 3.207358 2
C 4.803260 2.753228 1
H 4.820789 1.197296 0
H 1.006605 2.010100 2
H 2.095918 3.802091 3
H 5.855337 2.988191 1
H 4.519283 4.285130 3
C 2.232667 -1.300723 1
C 2.659140 -3.287180 3
C 2.149018 -2.658536 1
C 2.523300 -0.951961 2
C 2.739579 -1.936701 3
C 2.365545 -3.644550 2
H 2.593178 0.091256 3
H 2.965995 -1.645817 4
H 2.292671 -4.698691 1
H 2.821247 -4.058012 4
C 1.864532 -3.155856 -0
C 1.464650 -4.241054 -2
C 2.835717 -3.991319 -0.
C 0.687702 -2.867408 -0.
C 0.498492 -3.405500 -2.
C 2.637528 -4.531402 -2.
H 3.757701 -4.206082 -0.
H -0.399973 -3.193826 -2.
H 3.397418 -5.174533 -2.
H 1.303338 -4.658890 -3.
[¢] 1.152030 4.999218 0.
H 0.367470 4.447362 0.
Compound BE_TS

Atomic Coordinates (Angstroms)
Symbol X Y

H -4.599309 -1.290847 0
C -5.253950 -0.421736 0
C -6.923424 1.843617 0
C -4.709732 0.849062 0.
C -6.632428 -0.565632 0
C -7.450923 0.567864 0
C -5.539340 1.999109 0

R

486758
967350
048237
120694
754736
366293
405939
796668
272337
602370
434844
576848

.929352
.085225
.549910
.886055
.978272
.720936
.628352
.152759
.085141
.414299
.474040
.124680
.526510
.475809
.178059
.850482
.821115
.159450
.175695
.846471
.890914
.229006
.196156
.753060

780056
904278
183335
051181
238751
773879
495687
746201
568638
706954

.424396
.400769
.321440

223505

.541313
.501733
.177322
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.066486
.525075
.561516
.953719
.326229
.087818
.112698
.034231
.919855
.175084
.957128
.749786
.680370
.098881
.250568
.219458
.028417
.207626
.042548
.629020
.423179
.722247
.364595
.653993
.802200
.506946
.179049
.953514
.222727
.612012
.188060
.514422
.900217
.641824
.802784
.063941
.589532
.107921
.162864
.623826
.425561
.788794
.163072
.063079
.675290
.867464
.256848
.124530
.429628
.786530
.481961
.317971
.008211
.369141
.283259
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.549478
.453394
.719410
.173375
.229415
.887448
.125109
.918956
.141613
.591492
.469210
.175053
.571059
.017172
.576942
.496737
.622161
.646155
.008845
.731070
.397326
.945999
.048883
.546572
.313259
.815388
.170224
.189640
.530568
.549076
.219013
.868096
.374399
.379923
.708129
.697343
.040633
.448108
.048942
.594630
.118282
.510471
.555595
.648482
.889279
.409810
.176508
.556075
.572997
.482140
.511099
.967301
.514523
.241543
.081120
.338435
.698080
.437497
.265585
.075711
.555553
.870566

.681672
.613158
.289272
.006520
.056795
.032631
.150381
.856335
.618189
.936560
.054739
.375470
.787769
.114164
.144143
.132339
.309999
.555220
.182665
.143150
.792947
.181092
.767493
.008949
.205703
.969669
.377085
.413288
.732603
.327230
.980323
.390636
.649577
.007893
.715457
.359249
.157264
.259114
.505582
.099344
.934712
.500537
.058453
.567863
.705157
.989218
.850649
.415277
.889048
.158149
.683558
.055842
.290449
.615385
.196002
.536242
.702437
.364398
.230090
.614915
.675296
.300012
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.906322
.049539
.433247
.407670
.367820
.063685
.099300
.958673
.282428
.535684
.159154
.974718
.387568
.960907
.241962
.805632
.095837
.535294
.920303
.422233
.417295
.182121
.806967
.122241
.691928
.572811
.241328
.352422
.657576
.706498
3.046171
0.849447
0.783195
0.039178
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.517105
.288786
.222751
.497641
.072090
.030231
.465152
.945253
.959032
.642743
.631216
.973781
.434553
.536005
.767478
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.209003
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.522812
.997627
.466719
.757719
.942507
.684734
.500490
.004838
.092158
.415433
.314149
.041565
.324714
.106953
.909698
.633905
.520925
.807492
.010008
.535334
.487559
.795240
.453296
.009138
.177545
.020209
.299422
.448555
.745554
.783161
.002351
.000992
.949518
.965895

Atomic
Symbol X

Coordinates (Angstroms)

-2.909255
-3.950815
-6.635122
-4.259862
-4.960055
-6.296398
.619682
-4.701507
-7.082505
-7.666573
-5.901691
-3.357214
-2.023063
Si -4.465791
-4.430506
-4.617574
.439363
-5.175374
-4.295500
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.388007
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.028069
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.421879
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.120571
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.068936
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.332321
.284991
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.562124
.036443
.976098
.450430
.292330
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.168889
.742870
.095308
.550153
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.595691
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.428003
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.948519
.296309
.089082
.927361
.131554
.671588
.062439
.555009
.142695
.597746
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.503824
.068465
.413720
.855790
.144884
.702888
.912755
.421821
.624819
.286494
.044072
.517619
.970429
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.474967
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.445075
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.010981

Compound G-Z

Atomic
Symbol X

Coordinates (Angstroms)

.831441
.524410
.323217
.074479
.856833
.744371
.984841
.209776
.785011
.006445
.508142
.725662
.660255
.863555
.863571
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.806711
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.626955
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.122172
.048088
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.062723
.865922
.238807
.131898
.274827
.704288
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.091995
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.868372
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.512071
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.223680
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.739393
.966090
.049865
.901727
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.504608
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.312768
.723654
.332101
.207062
.155174
.486378
.884969
.862766
.461430
.762094
.863374
.620829
.463044
.918765
.262026
.925468
.863378
.975991
.311665
.201633
.299450
.875066
.890971
.185748
.094921
.264989
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.109057
.870826
.485612
.839777
.643617
.323046
.643052
.666800
.673443
.607307
.624527
.683342
.476681
.234346
.184965
.486934
.679727
.650039
.129270
.991952
.044237
.780928
.736165
.893475
.578775
.867756
.232515
.709895
.582070
.721036
.319216
.064207
.003211
.380240
.859737
.625571
.503041
.944204
.769103
.577461
.009332
.716104
.184280
.890152
.430336
.297894
.129483
.363913
.539874
.565303
.078042
.580338
.259212
.162214
.406456
.505052
.272089
.456534
.425985
.554260
.281636
.487594
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.493383
.589069
.809028
.150757
.556443
.065588
.486026
.415142
.095552
.312919
.783517
.570270
.577095
.591298
.421884
.272585
.781209
.468934
.831893
.697345
.410547
.599751
.881786
.746481
.460085
.567047
.844079
.757425
.679625
.381204
.071999
.630123
.984258
.427909
.350026
.328732
.731019
.743858
.438309
.845587
.245587
.301823
.071676
.774769
.011890
.668988
.478432
.727844
.592399
.794853
.758776
.856854
.1e8537
.961467
.506442
.664233
.513455
.440393
.166280
.278434
.165826
.610679
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-1.633967
0.132921
0.803570
-0.957594
-2.593510
.763302
-1.384579
0.802213
-2.008745
-1.204712
1.748120
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.035746
.619504
.726102
.139893
.541498
.230237
.730784
.568937

4.784808
4.28309%4

.703626
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.221955
.342186
.567494
.440096
.095456
.753514
.254003
.557713
.131464
.309762
.498168

Atomic
Symbol X

Coordinates (Angstroms)

-0.524878
-1.401058
-3.713857
-2.443183
-1.504124
-2.651246
.613551

-0.706471

-2.726154

-4.620648

-4.638854

-2.545060

-1.598748
si -4.354907
-4.628600
-4.076044
-4.275457
-5.686136
-5.379457
-6.444741
-5.129773
-5.196914
.116290
-0.210591
1.006189
1.560736
.926517
.415865
.168116
.996597
.234086
.611013
.368506
.357660
.222296
.811251
6.239794
-1.994748
-3.498668
-2.937000
-1.813325
-2.564128
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-3.

.025069
.877307
.575105
.055733
.524623
.360285
.943211
.174009
.870870
.470218
.204349
.310534
.090268
.753492
.074443
.626813
.421510
.332327
.794652
.595813
.571311
.858115
.388565
.426089
.540333
.190107
.654997
.795385
.204085
.832406
.965573
.173876
.039979
.467914
.526812
.845162
.361639
.189417
.029761
210621
.571016
.997913

.030023
.651335
.225528
.200302
.875821
.658749
.989954
.215348
.612357
.807661
.501179
.057137
.014804
.122696
.315259
.544800
.293666
.225305
.281688
.135613
.323959
.105466
.752033
.929814
.855470
.618672
.303995
.886839
.962964
.142786
.677070
.710834
.181262
.538960
.327120
.608928
.997491
.664404
.858848
.503563
.910171
.009680
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.686959
.114497
.090372
.424276
.424107
.084269
.957048
.658648
.408862
.327334
.183609
.269160
.096176
.959283
.485664
.641431
.335071
.853988
.916045
.769887
.954050
.991724
.802163
.698498
.235048
.081649
.524834
.730024
.413798
.564237
.789242
.617730
.191941
.359275
.449143
.543364
.575825
.432009
.013051
.086572
.432516
.849481
.983971
.663965
.523484
.149636
.594000
.330796
.179989
.936762
.207471
.772412
.221881
.373980
.904795
.333354
.146020
.556017

1.313949
2.723681

.760954
.891609
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.629259
.696908
.744683
.528697
.426559
.364826
.717390
.688788
.493773
.927356
.906615
.482852
.467898
.890374
.842620
.467114
.681206
.240316
.753453
.888477
.359959
.116516
.642235
.828019
.861369
.198579
.144420
.338591
.280019
.537167
.303903
.400255
.522392
.437397
.472845
.408093
.388715
.459885
.413266
.035203
.267268
-2.
.279455
.892046
.028236
.803875
.290005
.102220
.748966
.306079
.043354
.431715
.060610
.923488
.299723
.627256
.756102
.174228
.714407
.955823
.956231
.607502

421710
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.609267
.540959
.034778
.985190
.493969
.718861
.172360
.379308
.683912
.771404
.876525
.787241
.232903
.407618
.348581
.177282
.237304
.071800
.186530
.769613
.461374
.019241
.205420
.859609
.132163
.104187
.850271
.620901
.234692
.408305
.480430
.523869
.124003
.076292
.216859
.272080
.367935
.276772
.882042
.173583
.616467
.223821
.347804
.565425
.447352
.363845
.473747
.489416
.564241
.030527
.155283
.114890
.154710
.247923
.027496
.031134
.198728
.102890
.010109
.423854
.356795
.943709
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Compound H-Z

Atomic Coordinates (Angstroms)
Symbol X Y z

H -3.629638 -0.957170 -3.193196
C -4.514262 -0.804845 -2.582415
C -6.807478 -0.442611 -0.983792
C -4.495232 -1.169208 -1.232930
C -5.668533 -0.259826 -3.128891
C -6.803253 -0.084556 -2.328472
C -5.649275 -0.988936 -0.439534
H -5.694883 0.020464 -4.175127
H -7.703427 0.333969 -2.764467
H -7.687007 -0.321300 -0.363958
0 -5.584876 -1.362279 0.864112
C -3.392683 -1.770488 -0.479798
C -2.195545 -2.130976 -0.917905
Si -4.065939 -2.02089% 1.272526
C -3.197834 -0.954534 2.532647
H -3.212826 0.092507 2.209201
H -2.154953 -1.276493 2.627729
H -3.674348 -1.024410 3.513257
C -4.207194 -3.808383 1.769079
H -4.777435 -3.906993 2.696813
H -3.212376 -4.236342 1.934911
H -4.707789 -4.388141 0.989132
Rh -0.213900 -0.333359 -0.630329
C -1.030073 -2.543192 -1.223057
C 0.189406 -2.979978 -1.559758
P 1.981077 -0.015549 -0.378402
P -0.369041 1.701364 0.297887
C 1.128402 -3.744199 -0.728242
C 3.015024 -5.213776 0.735446
C 2.351983 -4.128455 -1.299138
C 0.869605 -4.118955 0.607024
C 1.810447 -4.853456 1.326483
C 3.293378 -4.854707 -0.582936
H 2.557612 -3.843216 -2.327957
H 1.575953 -5.132965 2.345810
H 4.228251 -5.141319 -1.047235
H 3.736822 -5.785619 1.306594
C -2.044274 2.247586 0.692938
C -4.629831 3.220694 1.070637
C -2.259359 3.307527 1.585117
C -3.108632 1.677384 -0.012922
C -4.405881 2.168392 0.178575
C -3.558026 3.787242 1.773259
H -1.444484 3.777168 2.141352
H -2.943696 0.842969 -0.716419
H -5.242112 1.725392 -0.369654
H -3.739232 4.609821 2.467077
H -5.642238 3.603444 1.220922
C 0.113571 3.044321 -0.815630
C 0.616799 5.105427 -2.622591
C 0.115548 2.775176 -2.190439
C 0.354166 4.335768 -0.336052
C 0.609711 5.366195 -1.248269
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.371025
.089614
.353627
.795718
.369485
.809311
.569933
.422555
.878377
.682653
.114099
.301498
.579475
.640993
.428290
.320270
.762439
.884134
.260378
.156156
.278820
.972084
.844527
.637966
.255196
.512846
.841718
.804328
.745905
.127216
.695096
.460671
.153573
.394578
.507349
.713205
.361187
.671758
.911672
.538904
.565385
.556014
.118027
.880452

3.620181
-1.164492

2.396657

0.004778
-0.275140
-0.896880

0.490139
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H 3.515421
C 4.397563
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.810525
.761306
.567033
.378450
.613562
.915284
.654426
.692582
.405717
.397840
.921005
.932706
.199253
.587959
.514396
.754121
.106159
.866529
.975271
.409434
.906443
.455191
.959046
.434553
.523561
.483590
.379156
.399513
.647419
.093733
.531076
.014381
.230044
.746596
.376251
.500578
.435188
.040876
.247196
.702266
.357038
.878965
.584154
.092348
.637413
.252514
.183863
.483222
.786222
.373327
.850852

726605
140492
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-2.

-1
-1

.094775
.574631
.731831
.886095
.167725
.330112
.199482
.644487
.638483
.985124
.210472
.860941
.056715
.656245
.818245
.207912
.596793
.693378
.854349
.494836
.960629
.041215
.585545
.513635
.112839
.031242
438943
.702345
.442934
.541799
.652533
.589478
.637631
.597506
.479754
.535476
.444466
.573518
.884727
.272329
.123173
.850038
.043564
.312181
.160311
.050211
.271396
.199383
.259146
.644857
.597177

.617978
.379208
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.694882
.446575
.485746
.623396
.604099
.455872
.471568
.577045
.608990
.414679
.245136
.187599
.307867
.228577
.298105
.839518
.552917
.169274
.622080
.085304
.157246
.128850
.032368
.031299
.184929
.613570
.785616
-1.
.089351
.682854
.321374
.142828
.249781
.177224
.225277
.828862
.327371
.039363
.852937
.107094
.295474
.252651
.691128
.913103
.473795
.306244
.559693
.459418
.636442
.920992
.375994
-1.
.335684
.864599
.658518
.148978
.807726
.435464
.991359
.703042
.437267
.720576

736187
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.630751
.388138
.138298
.387130
.637956
.723825
.395872
.056802
.077156
.259882
.879961
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.457173
.007669
.263075
.079895
.096420
.495970
.350398
.024838
.433421
.478328
.110484
.097868
.718027
.211185
.380638
.865285
.668597
.745840
.944178
.516620
.081122
.442703
.227627
.391331
.371156
-3.
.496426
.991653
.260518
.495109
.404596
.297202
.336313
.758027
.035478
.462401
.957658
.325708
.533314
.174119
.059608
.179670
.536140
.343150
.631886
.262106
.727236
.726384
.053289
.282794

776226

R

.761906
.201601
.242018
.927925
.101039
.153099
.603234
.507315
.255721
.832368
.896168
.165590
.447488
.502725
.826236
.170542
.734385
.408986
.251731
.510608
.109122
.021589
.230098
.327539
.498918
.457975
.868789
.990150
.769874
.426220
.342784
.935920
.360548
.780172
.382368
.818292
.571926
.869471
.147451
.524631
.243636
.628565
.108785
.777529
.285064
.865621
.118198
.720864
.010379
.517450
.824991
.314573
.706510
.838276
.148769
.019242
.742347
.048533
.741046
.421157
.009048
.359772
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.473704
.996500
.326724
.730524
.920485
.581093
.403009
.125449
.300233
.829729
.109634
.797104
.194330

N N O T T T OO 0O o0 0 0 I

.977648
.487001
.421822
.952059
.964678
.214056
.945010
.428437
.164502
.435549
.190276
.905037
.563675
.437260
.803098
.858580
.017237
.964143
.604318
.892542
.828385
.649315
.722329
.897765
.323153
.674212
.249181
.947288
.248304
.466624
.566529
.274618
.620838
.540248
.354846
.033832
.416040

0.974030
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.953016
.926445
.283070
.114969
.306412
.901139
.580222
.706415
.921741
.330249
.382586
.988075
.387796
.117634
.966966
.260842
.530113
.186332
.055965
.550061
.780405
.709059
.474859
.263063
.375859
.533775
.783091
.090381
.228922
.917327
.831024
-3.
.487862
.111828
.195308
.133260
.672964

392867

4.091189

.462465
.860724

.418278
.281404
.112202
.287341
.172800
.080635
.217594
.162652
.775096
.814166
.206008
.565684
.685847

.773461
.684823
.717616
.116129
.076696
.796749
.143522
.173503
.451150
.215158
.741213
.071771
.316794
.635546
.578832
.383961
.584184
.589142
.903398
.248815
.613845
.264848
.902759
.944435
.057002
.639718
.403341
.763808
.685905
.773618
.723684
.694210
.728568
.820474
.708735
.508177
.430336
.378864
.783448
.147638

.916447
.270640
.610366
.900575
.811285
.980294
.079389
.876671
.403810
.045907
.250244
.143018
.580162
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.905567
.432803
.083208
.633419
.666520
.561489
.764963
.817189
.481018
.161961
.220561
.064881
.337967
.821040
.580378
.225960
.539264

1.485711
1.346044

.706995
.262528
.073062
.571015
.070818
.542385
.195749
.610383
.282444
.115408
.438466
.786767
.195303
.085920
.488617
.062179
.263087
.798420
.950934
.963514
.426975
.485620
.496772
.927882
.963023
.439114
.215849
.975543
.425611
.107525
.064536
.296114
.332434
.060605
.176528
.370166
.217221
.383303
.031389
.491885
.940818
.176861
.439641
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.038933
.943037
.715866
.213684
.430832
.239307
.808797
.035367
.687052
.187715
.422984
.040670
.021779
.911682
.291625
.956957
.646912
.302739
.634930
.974617
.891150
.381521
.259777
.985362
.215828
.064285
.583417
.767544
.693786
.506759
.967759
.694356
.346943
.573699
.786193
.749552
.945927
.289705
.785413
.384706
.897872
.447862
.133277
.194377
.553527
.421577
.272019
.717263
.551637
.192243
.420429
.779698
.592023
.947692
.364189
.004383
.898232
.651184
.079417
.707334
.831370
.035762
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.624372
.339270
.647855
.553740
.291014
.813448
.798708
.929805
.427041
.800312
.220681
.850353
.583600
.559819
.429751
.200501
.192960
.070832
.439669
.572331
.484689
.141433
.163798
.510227
.837956
.906840
.563631
.139736
.175343
.603223
.557338
.362542
.187924
.391432
.712070
.975765
.261291
.499340
.600681
.745451
.642566
.028134
.224770
.236169
.042845
.148072
.188646
.442479
.587638

1.580625

.209320

0.046133

.679234

2.193350
3.294600

.547152
.930769
.376077
.670769
.287515
.066844
.723958



-1.674154
-2.859006
0.942667
1.379405
-2.388945
-0.285584
-1.808092
-2.492468
-2.693354
-1.262303
-1.606026
-3.029268
-0.549953
-1.173798
.707932
-2.758128
-3.356782
-4.794725
-4.765641
-2.671564
-3.396772
-5.481519
-5.302294
-2.900459
-6.570659
-5.345380
2.490427
3.431381
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Compound K

.202089
.961595
.465016
.250485
.386904
.120621
.057985
.925525
.448036
.287320
.519454
.227971
.498191
.569141
.772219
.746186
.816263
.585616
.259440
.447424
.326422
.040855
.544334
.623473
.462877

-2.878848
-3.920098
-6.607055
-4.230343
-4.929144
-6.264104
.592871
-4.673605
-7.049020
-7.641159
-5.873201
-3.321414
-2.002807

i -4.461575
-4.560307
-4.721198
-3.617393
-5.375594
.273352
-5.050986
-3.299995
-4.318883

Rh -0.127268
C -1.135428
C -0.025874
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.915967
.646822
.045095
.170485
.734760
.021030
.004163
.483780
.090990
.315007
.409121
.820874
.133367
.138259
.671237
.058878
.552115
.501602
.582875
.996710
.465392
.053741
.223951
.816094
.070290
.873995
.788785
.100806

1.049845

.839322
.215656
.319888
.703025
.398360
.642893
.610155
.072879
.057251
.847006
.377947
.327184
.821890
.123061
.651631
.678642
.829261
.595884
.342566
.095838
.832942
.481249
.461876
.595476

.946951
.698294
.084423
.257768
.878020
.178924
.053983
.354358
.954391
.303984
.449804
.112823
.440197
.412370
.034225
.241409
.702809
.511662
.720013
.437218
.539670
.380360
.598408
.450795
.357423
.374425
.325246
.561397
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.093608
.378114
.758759
.712211
.938275
.083673
.529674
.406210
.486398
.018888
.324954
.101545
.921048
.165197
.146075
.810343
.933181
.275127
.465438
.656848
.629331
.459519
.040948
.610063
.915263
.951344
.908692
.566807
.608263
.706535
.648273
.805229
.874785
.424257
.306868
.495276
.451968
.247723
.347718
.544794
.276881
.322272
.526370
.433181
.573310
.363660
.275359
.377054
.277205
.240491
.335822
.447562
.458378
.182968
.128706
.027567
.004825
.466105
.640967
.085559
.816475
.383685

.231635
.725767
.692752
.754778
.344873
.099964
.120124
.374843
.048675
.404229
.888102
.558308
.691286
.198509
.924591
.207083
.967286
.673877
.327270
.227541
.590475
.631765
.787556
.726414
.213778
.121881
.071197
.812988
.869746
.064658
.560539
.859853
.405560
.796491
.650251
.348260
.303966
.322590
.677088
.658745
.247134
.573948
.204759
.396559
.624218
.290112
.751329
.961401
.380889
.100892
.689711
.953571
.902629
.159862
.210414
.309738
.404615
.812107
.467493
.566062
.758502
.665476

R

.000611
.220273
.917276
.689502
.280472
.238693
.065027
.467596
.170227
.954977
.730347
.305490
.492729
.190681
.127071
.457761
.809636
.220625
.879794
.932612
.558031
.261867
.460786
.410350
.376397
.624184
.173196
.160860
.609308
.820896
.232799
.983240
.556977
.143213
.779632
.475744
.506291
.397528
.750325
.855634
.048965
.839176
.232778
.426256
.526568
.834207
.262493
.149328
.231331
.944957
.868663
.941011
.780712
.030571
.333834
.818371
.026789
.084234
.816981
.901639
.930938
.782271



.400264
.655207
.102086
.030451
.516611
-0.478631
.848725
0.173068
.815222
0.860932
2.893893
-1.868453
1.131880
-1.252965
-1.048127
0.028399
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Atomic
Symbol X

.979273
.611806
.250787
.373830
.658186
.467976
.207363
.837824
.277206
.868697
.956652
.336464
.921703
.645768
.770729
.015163
.660281
.528993
.343779
.711563
.585346
.185056
.113969
.781452
.107612
.307867
.721115
.603461
.402888
.959117
.660841
.048736
.360658
.699305
.285607
.415962
.709926

.559112
.973504
.040966
.636374
.838270
.368717
.180612
.096957
.044492
.446899
.806513
.732384
.568533
.702545
.456171
.443739
.824853
.561270
.231837
.585201
.464966
.784407
.398592
.519280
.600547
.469583
.716346
.729394
.732205
.018203
.482060
.464999
.012391
.437230
.016526
.222138
.508357
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.775928
.863217
.492807
.743578
.445723
.548040
.705165
.237814
.268270
.761127
.845810
.055533
.959998
.581105
.365953
.223845

1 1 1
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Coordinates (Angstroms)

.590181
.617414
.434058
.102787
.793473
.776049
.140218
.455223
.450680
.121568
.417561
.214473
.158370
.541179
.429809
.475556

1.956430
1.179184
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.834772
.152735
.507337
.504845
.151184
.545931
.763318
.627954
.435815
.704314
.163834
.556590
.519437
.115845
.421919
.581401
.488008
.459194
.664116
.951266
.544974
.657077
.420899
.341866
.301761
.360755
.163002
.561200
.086128
.989225
.445747
.017632
.526801
.583560
.855933
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0.060360

.253905
.540253

1.245546

.846077
.059109
1.472753

1.729090

.779966
.403915
.718548
.070419
.989743
.099303
.001073
.961448
.061520
.377596
.004112
.685443
.082666
.735044
.590531
.653548
.745205
.475781
.507317
.773452
.634206
.433198
.363894
.667045
.678054
.696571
.942306
.675747
.841503
.967373
.794685
.362083
.054199
.301255
.551608
.038893
.147400
.722801
.625273
.943872
.231306
.922236
.589177
.844744
.297176
.724266
.840767
.485590
.415018
.590489
.907429
.745189
.383825
.092589

.318198
.771016
.168288
.696440
.924237
.392575
.904800
.047334
.205461
.054802
.724720
.460374
.626132
.140064
.354602
.937060
.726651
.430549
.610949
.636798
.482849
.086369
.177851
.462973
.858734
.119034
.769614
.504481
.900646
.561171
.732028
.040316
.970788
.669162
.650788
.658601
.666251
.658467
.650989
.679458
.895869
.656933
.426574
.425849
.519655
.588721
.278908
.723783
.181122
.820774
.301796

0.352150

.441121
.015286
.583252
.040276
.201273
.218937
.419021
.433520
.298124
.867104
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.814427
.434498
.751810
.181941
.496400
.060342
.256225
.559724
.008751

2.789249
1.681132
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.717962
.378793
.077920
.180162
.014612
.910388
.509220
.881346
.602004
.970938
-3.
.271602
.750839
.671423
.113855
.354932
.911110
.034943
.820054
.007508
.224525
.714371
.561193
.516888
.428012
.668452
-3.
.406507
.576118
.772745
.511051
.303161
.276883
.413401
.558569
.638472
.545755
.616054
.560399
.405601
.499280
.374385
.610798
.866582
.282650
.095155
.860008
.067452
.296171
.104645
.091373

026030

649308



H -3.197379 -0.132309 5.240569
H -0.949487 -1.208648 5.215551
0 3.271997 1.309244 0.946191
H 0.792309 3.798113 -0.661853
Compound M

Atomic Coordinates (Angstroms)

Symbol X Y z

H -2.248809 -2.124577 -3.120723
C -3.083937 -2.486323 -2.528566
c -5.229902 -3.415920 -0.977593
c -2.892600 -2.756696 -1.177523
C -4.339146 -2.675276 -3.109083
C -5.403099 -3.135480 -2.333696
C -3.974514 -3.232004 -0.408582
H -4.485529 -2.464483 -4.163367
H -6.378329 -3.282500 -2.786881
H -6.044525 -3.785734 -0.364910
0 -3.742013 -3.494042 0.907855
C -1.642438 -2.622852 -0.379955
C -0.384083 -2.774612 -0.870967
Si -2.107325 -3.188967 1.343273
C -2.086223 -1.901086 2.699308
H -2.682771 -1.031141 2.401401
H -1.056176 -1.581445 2.882828
H -2.502251 -2.305618 3.627423
C -1.229144 -4.744421 1.881886
H -1.582943 -5.102465 2.853054
H -0.157859 -4.521287 1.957164
H -1.363007 -5.538758 1.141672
Rh -0.221463 -0.658218 -0.411241
C 0.835682 -2.493401 -1.048512
C 2.157091 -2.841866 -1.380653
P 1.539196 0.701200 -0.385692
P -1.430743 1.097420 0.269705
C 3.216753 -3.050540 -0.529663
C 5.474480 -3.423404 1.130991
C 4.532160 -3.268808 -1.089425
C 3.051022 -3.050578 0.940114
C 4.270220 -3.233365 1.724635
C 5.620153 -3.448827 -0.301934
H 4.629925 -3.271598 -2.172503
H 4.158002 -3.215619 2.802699
H 6.599979 -3.606259 -0.737019
H 6.359490 -3.563398 1.745431
C -3.208733 1.070157 0.787908
C -5.949954 1.057227 1.356284
C -3.741743 2.014012 1.674342
C -4.047584 0.143473 0.166329
C -5.418875 0.131812 0.455760
C -5.110561 2.000721 1.960703
H -3.124441 2.775552 2.155359
H -3.654716 -0.582893 -0.555903
H -6.063041 -0.606429 -0.022434
H -5.525276 2.728885 2.655278
H -7.014424 1.047889 1.586898
C -1.676807 2.372144 -1.038603

201

R

.125040
.361496
.749248
.798912
.407759
.594586
.277000
.582554
.439552
.938552
.222012
.719463
.507545
.182200
.435120
.757255
.780871
.966264
.177955
.986651
.691027
.596126
.602822
.320086
.862594

868351

.330548
.332125
.069652
.856151
.115773
.387848
.748370
.313010
.193758
.971233
.252913
.095788
.745372
.208797
.631695
.529697
.519069
.098840
.656279
.684619
.976187
.937289
.532990
.139193
.810460
.097575
.489550
.448983

C -2.195013 4.148987 -3
C -1.478803 1.963992 -2
C -2.137254 3.659558 -0
C -2.393495 4.549187 -1
C -1.738124 2.858125 -3
H -1.124537 0.945122 -2
H -2.299645 3.994187 %]
H -2.752448 5.553455 -1
H -1.588015 2.546097 -4
H -2.399690 4.843931 -3
C 2.407892 0.772944 1
C 3.650671 0.778623 3
C 3.383021 1.737725 1
C 2.035164 -0.170498 2
C 2.666482 -0.168898 3
C 4.007031 1.734125 2
H 3.662360 2.503889 %]
H 1.254647 -0.934717 1
H 2.385315 -0.914515 4
H 4.769567 2.475051 2
H 4.143203 0.779431 4
C 2.865853 0.275520 -1
C 4.729644 -0.288097 -3
C 4.229067 0.372598 -1
C 2.427936 -0.142154 -2
C 3.359879 -0.411607 -3.
C 5.161284 0.091354 -2
H 4.606624 0.646625 -0
H 1.355945 -0.280463 -3
H 3.022446 -0.721439 -4
H 6.226228 0.167912 -2
H 5.456386 -0.494523 -4
C 1.392330 2.526389 -0
C 1.272476 5.280379 -1
C 0.847288 3.415845 0
C 1.854801 3.023565 -1
C 1.801565 4.393625 -2
C 0.795993 4.792040 -0
H 2.270197 2.371144 -2
H 2.168797 4.764199 -3
H 0.367816 5.481458 0
H 1.225919 6.347169 -1
C 0.326433 2.986862 1
C -0.478574 2.225838 4
C 0.876260 3.612165 2
C -0.655214 2.000661 1
C -1.028220 1.601629 2
C 0.471641 3.239536 3
H 1.642894 4.377194 2
H -1.750312 0.791779 3
H 0.905239 3.726583 4
H -0.781045 1.913778 5
0 1.948988 -2.911883 1
H 2.377218 -2.882652 -2
Compound MN_TS

Atomic Coordinates (Angstroms)
Symbol X Y



.625254
.668308
.861636
.211824
.207339
.303293
.327706
.204804
.047903
.960548
.923182
.815956
.858517
.542125
.726784
.636310
.000356
.069982
.400266
.828632
.737306
.746825
.296868
.414201
.636362
.005800
.664397
.482444
.148058
.904604
.894883
.739807
.744203
.581034
.069263
.082227
.804402
.289156
.337822
.308677
.794025
.323540
.829484
.710944
.983258
.928828
.618783
.746483
.112287
.286314
.937606
.364952
.453069
.030194
.953281
.519281
.433032
.902969
.137934
.689279
.807880
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.977928
.726147
.654820
.377692
.021924
.974236
.358407
.297468
.985830
.392748
.998136
.093904
.958892
.383456
.379760
.488939
.331611
.695361
.406011
.071443
.727098
.383066
.180537
.760235

0.460878
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.897545
.542426
.396779
.926001
.642312
.874380
.678515
.421401
.005978
.302629
.391228
.526682
.251709
.835351
.559099
.222778
.520753
.854631
.816438
.986249
.285205
.104739
.845429
.134190
.976187
.406528
.273746
.699660
.830432
.287673
.066387
.811679
.040926
.303123
.276612
.785963
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.136405
.350852
.315219
.114405
.569920
.550762
.104364
.534454
.726637
.472440
.057855
.723701
.430467
.984090
.337248
.286828
.173068
.326602
.101651
.346907
.091163
.916138
.872940
.376204
.896072
.232244
.059377
.164595
.426327
-1.
.093227
.888896
.816260
.587821
.850309
.160273
.049342
.226651
.300403
.138167
.643882
.605100
.172775
.830217
.352381
.278007
.879697
.333295
.834542
.363419
.196006
.231355
.002138
.961373
.678644
.829615
.540892
.022400
.960170
.401196
.906071

614712

202

.491310
.312879
.574728
.743095
.246685
.336911
.830021
.684871
.994029
.115367
.967736
.307523
.818450
.750418
.239463
.537699
.850907
.528335
.171416
.695212
.650985
.991630
.381339
.565457
.237057
.061704
.791480
.949622
.853934
.516423
.379807
.413589
.775339

0.069769
-0.811323

0.879747

2.795320
-1.820399

1.195056
-1.108084
-0.299412

0.653209
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.416110
.497863
.062833
.979313
.235762
.727435
.713987
.781073
.253423
.700436
.554203
.295239
.577225
.994193
.712606
.474482
.171627
.895981
.177264
.878482
.702715
.155271
.507724
.153746
.371122
.726419
.583483
.703771
. 349005
.100917
.139618
.390350
.167973
.759832
.354016
.803512
.451534
.974925
.826219
.080269
.452896
.369313
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.049069
.006296
.264349
.300437
.604641
.506710
.723358
.807768
.878611
.398344
.307007
.984203
.765581
.718330
.947163
.069494
-3.
.780090
.626246
.051443
.041218

098141

0.297684

.080390
.998410
.830310
.246998
.905739
.584557
.117463
.435164
.114315
.138229
.463617
.787403
.798121
.470845
.723993
.567048
.514660
.919206
.426037
.929236

Atomic
Symbol X

Coordinates (Angstroms)

-3.102016
-3.170208
-3.376179
-2.840217
-3.597668
.696503
-2.957913
-3.858749
-4.032150
-3.462127
-2.632427
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.527321
.488662
.960187
.583394
.621329
.847794
.825132
.544689
.726115
.902428
.864692

.310525
.812242
.495013
.464097
.505358
.848654
.188145
.555737

2.390853

.034532
.512937
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.346341
.673111
.217915
.539748
.161310
.146391
.602140
.510496
.554380
.284293
.492970
.407147
.153002
.831446

0.859332
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.474677
.202499
.820273
.776792
.008131
.315045
.051743
.163352
.896153
.475029
.829434
.579854
.676822
.777419
.440850
.488663
.820935
.689513
.501692
.408232
.748151
.716010
.286658
.321686
.475406
.610701
.127303
.997075
.427808
.258503
.157210
.369484
.726824
.318314
.844969
.373919
.541745
.803570
.631998
.012149
.271302
.197640
.448490

2.048635

.089874
.080448
.392786
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.500227
.193313
.316383
.439972
.951289
.441133
.005309
.689341
.298326
.655927
.695060
.034154
.024930
.236842
.777557
.291763
.393330
.822455
.701450
.264072
.553448
.919906
.531952
.712060
.917819
.002425
.135294
.926719
.801593
.857030
.257139
.197822
.264646
.348922
.815361
.720837
.014691
.115705
.970926
.665849
.495189
.418841
.593673
.369693
.846065
.713290
.248720
.918556
.405066
.309365
.296344
.942193
.403597
.750968
.641658
.208549
.052505
.448058
.669581
.253392
.371985
.568147

.426347
.295858
.111237
.925861
.256242
.140374
.861281
.306917
.214875
.592178
.825444
.086712
.387936
.438725
.034439
.160452
.183628
.754262
.168485
.245543
777478

0.269991

.510524
.137949
.267268
.113330
.108281
.225708
.178985

0.469831
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.523929
.123073
.447123
.716078
.794561
.349451
.264807
.804948
.390877
.852035
.039404
.338063
.149629
.672610
.234201
.529729
.969453
.400731
.693232
.277763
.909673
.760631
.057237
.207169
.092774
.592720
.891294
.385767
.285927
.761275
.158002
.403486
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-0.813830
-1.393018
-0.195924
1.072815
-1.094489
-2.094977
0.037026
-1.532453
2.509224
4.991411
3.629326
2.634500
3.869484
4.869820
1.782366
3.950974
5.740443
5.955197
3.604877
3.727409
4.506651
2.767697
2.822067
4.571103
5.149734
2.156503
5.270713
3.766096
-4.611013
-2.252955
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.991286
.052462
.627977
.806156
.955422
.850915
.655001
.199396
.824963
.025133
.150738
.564628
.672117
.265407
.077379
.254961
.742770
.105347
.305820
.204712
.650368
.806585
.545119
.101669
.522567
.399946
.174154
.791872

0.060738

.151481
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.503800
.106495
.416739
.056237
.312557
.829310
.704787
.825046
.132971
.312760
.006866
.655669
.969211
.465717
.572114
.572808
.635270
.911335
.274073
.938064
.074770
.265172
.110412
.819783
.440303
.899095
.190755
.168966
.587246

Atomic
Symbol X

Coordinates (Angstroms)

-4.250585
-4.776387
-6.109837
-4.146193
-6.052406
-6.710832
.824420

-6.534630

-7.711722

-6.617840

-4.275217

-2.841708

-1.729515
Si -0.299615
-0.596803
-0.758622
0.267190
-1.476686
0.014160
-0.823800
0.923459
0.116101
.090483
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.196753
.679114
.963122
.730980
.272644
.920176
.373873
.535231
.611015
.474913
.393126
.187323
.644771
.664211
.461451
.591004
.067324
.834527
.380555
.779187
.901146
.317244
.887230

.983396
.164782
.933068
.476813
.808091
.241427
.581683
.343974

0.519620
1.740335
1.275172

.818648
.059075
.628834
.208733
.134997
.497712
.741322
.452621
.031946
.766944
.681551
.134700
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.058320
.818166
.687071
.250383
.820120
.794982
.470881
.178917
.161907
.449875
.422090
.200875
.176089
.567411
.533969
.327333
.711320
.261350
.157487
.605659
-3.
.355002
.957431
.527840
.028358
.075697
.317615
.967970
.786556
.413051
.593332
.402343
.861186
.977303
.517708
.809154
.475705
.751556
.281653
.281842
.927829
.922738
.418356
.625876
.792031
.559777
.261857
.049000
.027363
.375838
.712574
.699348
.362303
.690634
.676878
.441503
.400019
.799586
.177751
.455742
.527556
.459460

965515

P W N O NP

1
W w Rk, ®ONDNREPE WO PMWOO

1
[OR]

.983586
.703206
.645662
.880407
.552311
.326265
.479536
.521399
.404210
.368088
.525709
.382206
.324224
.239930
.365505
.431972
.093221
.779313
.170868
.690226
.967252
.385580
.060010
.251132
.740654
.614436
.664723
.942641
.815881
.334977
.471629
.003200
.369609
.266321
.953756
.075356
.373818
.396531
.515148
.762540
.273077
.019448
.031918
.116366
.789918
.901392
.791877
.020920
.957494
.377137
.917750
.379383
.088991
.031659
.274317
.070177
.221990
.317318
.101642
.312763
.205046
.119287
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.582498
.346569
.505298
.366057
.357225
.305457
.716569
.984973
.970937
.688948
.988066
.666445
.735318
.060913
.529799
.510849
.724904
.294905
.293396
.724294
.121199
.109870
.893572
. 884000
.289829
.065112
.329836
.289238
.966917
.104682
.424043
-2.
.026655
.037722
.381080
.214771
.947501
.207942
.830335
.189961
.322318
.964956
.124276
.293706
.290784
.883456
.089153
.502460
.243845
.321676
.530995
.402704
.203504
.504337
.654803
.207100
.065199
.928370
.494576
.077708
.911088
.866469

372987
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1.107074
0.166957
1.963161
1.341043
-0.350409
0.173030
0.210877
-0.285729
0.690109
.535468
-0.765966
0.439470
1.272004
-1.322768
0.813431
-0.478273
-3.398222
4.588259
3.830364
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.220915
.302376
.287514
.223177
.154068
.172162
.297194
.597688
.422112
.325859
.474408
.574513
.180052
.729581
.454214
.707934
.596620
.620069
.640502

R

.654385
.710771
.370998
.720741
.264010
.690302
.540249
.284359
.232468
.228605
.601999
.598670
.704399
.183130
.127761
.353178
.925944
.295743
.895696

Compound IA_TS

Atomic
Symbol X

Coordinates (Angstroms)

-4.620672
-5.363700
-7.239106
-4.930016
-6.718246
-7.652058
.881197
-7.041525
-8.7112%90
-7.971483
-5.416688
-3.506243
-2.325238
.495548
-3.586096
-3.716970
-3.108525
-4.567264
-2.302192
-3.275948
-1.888928
-1.631573
.331311
-0.836415

0.124578

1.937752
-0.494485
.218132
.321482
.347504
.154951
.207887
.391177
.605858
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.771756
.925311
.324755
.106293
.936038
.137071
.309109
.791829
.150710
.481558
.494529
.053284
.633431
.555835
.017778
.119439
.927504
.914315
.224591
.997975
.109765
.379591
.464948
.770196
.928496
.173458
.788969
.342300
.219523
.878190
.264904
.696489
.313156
.184573

.357891
.582978
.436095
.263955
.893128
.879095
.746371
.916655
.109170

1.222479

.012123

0.026155

.115119
.989370
.579646
.500614
.957756
.048480
.814771
.252611
.308259
.983545
.069537
.209909
.544659
.419714
.256499
.369726
.968713
.689669
.861759
.671752
.488886
.070453
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.918108
.483150
.142537
.880331
.902776
.544626
.240499
.245556
.557044
.312457
.747918
.521391
.079092
.689102
.768459
.312257
.223522
.559884
.838870
.500347
.362318
.174331
.686861
.862714
.532292
.098899
.829831
.412350
.639527
.510832
.277764
.781667
.599895
.160676
.304936
.511901
.656686
.662973
.968890
.825779
.333761
.470995
.627983
.772865
.700783
.497850
.060380
.290577
.861183
.315275
.554965
.842000
.599430
.554135
.050825
.611843
.081463
.089487
.817728
.130207
.905496
.780848
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.404951
2.
.562866
-2.
-3.
-3.
-1.
-1.
-3.
.209237
.452376
.133849
.829892
.315875
.663818
.939727
.915959
.043615
.679146
.558829
.825250
.641594
.754618
.984445
.442725
.166983
.662888
.581224
.029782
.273709
.821533
.734259
.261180
.159866
.134676
.847047
.575721
.592297
.018243
.171973
.169568
.026509
.619881
.869063
.623434
.372949
.372162
.231207
-3.
-2.
.972226
-2.
-3.
.042417
.798292
.634943
.154573
.947897
.810191
.649924
.679403
.106543

956560

302238
027918
519804
432175
800138
879919

336133
557673

017229
603271

-1.
.506974
-3.
-1.
-3.
-1.
.360255
.258011
.054213
.338918
.474383
.075588
.928517
.806924
.305535
.725203
.396918
.420621
.634618
.609175
.316957
.589903
.733197
.461906
.669110
.938451
.070597
.682036
.251449
.320489
.753401
.336045
.460260
.346201
.563480
.902782
.341532
.995882
.171347
.305495
.139674
.007999
.395601
.408728
.902367
.879187
.648883
.564624
.342811
.100879
.914550
.800345
.997603
.325956
.848621
.641529
.030863
.318270
.974768
.952686
.025149
.354086

A A NMNMNODNWNEDNMNW

[ T R [ N T Y |
P W kREr PANOERFRPL WNOWO®

AP P WER WNERPRPWERWERERWNONWNRN

[ T T B
N P O N

263924

587738
319274
106074
154253
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2.995964
4.056223
-0.120343
3.809930
1.706060
2.070962
1.362535
-6.150007
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.080303
.852063
.911340
.625093
.145503
.780121
.350870
.590385

R

.273962
.410755
.946241
.757061
.007035
.381432
.878734
.626798

Atomic
Symbol X

Coordinates (Angstroms)

2.116793
1.288115

.444195
.037622
.531538
.363121
.383862
.124103
.100821
.888486
.196224
.105177
.560919
.005215
.754843
.886092
.559459
.651924
.921722
.562990
.715817
.703574
.071999
.302121
.108163
.771004
.685092
.828516
.213003
.955831
.460596
.136950
.053404
.303417
.379317
-2.278067
.133235
-4.506905
-6.436748
.547858
.519351
.612949
.464543
.456429
.594658
.705597
.647134
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.558507
.939649
.919286
.658614
.722472
.226837
.195216
.172040
.049938
.298767
.843863
.834440
.993263
.533029
.076805
.924515
.946090
.281126
.740828
.926669
.592617
.840939
.893283
.092350
.616380
.497607
.913262
.495825
.342337
.728808
.201172
.116129
.649215
.204660
.661359
.051621
.282455
.697906

0.280943

.600672
.410196
.617860

1.391470
2.470005

.150068

.891811
.248405
.236680

0.121886

.905310
.021675

0.086587

.729812
.819356
.300116
.319653
.814163
.000438
.078618
.189317
.387912
.675739
.110344
.918317
.136668
.096909
.098467
.589251
.354932
.313541
.250348
.470612
.407768
.713499
.328217
.020594
.815414
.894223
.915649
.940165
.527949
.461636
.639027
.379463
.347340
.610681
.983536
.278802



.422806
.432091
.301342
.014106
.205856
.849587
.760616
.358467
.451286
.252939
.896683
.948457
.331394
.677953
.600501
.759878
-3.455821
-2.303331
-2.889107
-4.039772
-3.674460
-1.614241
-2.662424
-4.711792
-4.219525
-3.272960
-5.329502
-4.600177
-2.970837
.997466
-5.628198
-4.881111
-1.931532
-3.766292
-6.664961
-6.130900
-1.393042
-0.687601
-0.683970
-1.755805
-1.412311
-0.327749
-2.316929
-1.706564
0.244852
-0.403300
-0.309838
0.256000
-0.787962
0.477314
0.735296
-0.501758
-1.400237
1.312239
-0.875653
0.471384
-3.937725
-3.034378
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.513663
.081632
.107417
.463715
.215063
.663319
.644788
.017489
.040569
.266463
.286596
.930789
.416418
.506817
.576896
.169393
.624348
.340676
.136913
.415117
.850326
.535002
.950542
.226048
.786783
.307194
.556955
.036271
.314678
.926139
.587972
.765195
.643713
.701011
.319511
.038695
.775867
.631952
.942262
.562199
.485527
.858909
.677858
.302376
.749867
.345543
.306674
.120859
.538523
.495245
.896186
.946324
.171480
.272379
.902236
.426162
.976645
.908624
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.971288
.693836
.201165
.229480
.639202
.364816
.294281
.502267
.572225
.322203
.417778
.557040
.456477
.577310
.916723
.896789
.552594
.260745
.253936
.547106
.494564
.557357
.302770
.270980
.668418
.160270
.586095
.904141
.091396
.814694
.626560
.140852
.249059
.544446
.427573
.146242
.640263
.638899
.303771
.974419
.969291
.309672
.291188
.002170
.049615
.412099
.089547
.712630
.574478
.919433
.235963
.878042
.068040
.929389
.245321
-3,
.385703
.726181

735982
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Ef
Compound CD_TS
Atomic Coordinates (Angstroms)
Symbol X Y z
H 5.362044 -0.356738 -2.241959
C 5.699482 -0.942449 -1.390674
C 6.523380 -2.457597 0.836823
C 4.755009 -1.419448 -0.466173
C 7.043016 -1.192375 -1.188897
C 7.435398 -1.947415 -0.062553
C 5.119299 -2.238438 0.673691
H 7.785090 -0.811647 -1.880940
H 8.493125 -2.140382 0.097338
H 6.842595 -3.046020 1.690407
0 4.223679 -2.742584 1.422855
C 3.369928 -1.234721 -0.519901
C 2.141145 -1.256835 -0.309379
Si 1.854518 -3.000197 0.459469
C 2.677932 -4.498675 -0.307516
H 3.294222 -4.193536 -1.159089
H 1.937482 -5.223682 -0.658595
H 3.339728 -4.956719 0.430890
C 1.511306 -3.037188 2.305448
H 2.446207 -3.141100 2.855719
H 0.853074 -3.886448 2.524088
H 1.001420 -2.121564 2.615686
Rh 0.097711 -0.648977 -0.239493
C 0.089807 -2.981320 -0.247223
C -0.977356 -2.775063 -0.834572
P -1.910759 0.177984 0.418352
P 0.917706 1.441741 -0.267253
C -2.278384 -2.931231 -1.423779
C -4.823976 -3.324936 -2.500195
C -2.731293 -2.140248 -2.486653
C -3.122113 -3.937511 -0.908651
C -4.393295 -4.127583 -1.451311
C -3.996026 -2.330818 -3.026747
H -2.066266 -1.376973 -2.878466
H -5.024890 -4.903682 -1.035506
H -4.335959 -1.709656 -3.847348
H -5.815022 -3.479021 -2.913645
C 2.203109 1.672346 -1.545994
C 4.055321 1.959208 -3.615280
C 3.189940 2.656786 -1.456938
C 2.152504 0.811288 -2.651819
C 3.075107 0.963106 -3.691649
C 4.115115 2.799118 -2.499416
H 3.278095 3.317883 -0.592032
H 1.411387 -0.008239 -2.696328
H 3.040227 0.295502 -4.552044
H 4.891642 3.560090 -2.431882
H 4.779597 2.072854 -4.422328
C 1.710810 2.043603 1.254636
C 3.054195 2.863313 3.559161
C 2.183281 1.088013 2.158726
C 1.886418 3.411102 1.504162
C 2.560290 3.817093 2.658704
C 2.863970 1.502510 3.312205
H 2.033498 0.007500 1.980615
H 1.505104 4.175334 0.822844
H 2.706110 4.876857 2.859032



3.250225
3.588145
-2.981482
-4.584172
-4.054188
-2.692981
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C 2.071824 -1.101948 1.746077
C 2.339817 -2.990136 3.816952
C 2.107741 -2.474288 1.447791
C 2.173864 -0.689585 3.079184
C 2.311005 -1.625594 4.110919
C 2.240475 -3.410799 2.490102
H 2.152024 0.366998 3.364755
H 2.389445 -1.285736 5.143133
H 2.255876 -4.476256 2.259701
H 2.437217 -3.723233 4.617411
C 2.050066 -3.032259 0.068348
C 2.095616 -4.198361 -2.484014
C 3.149564 -3.808370 -0.345358
C 0.968057 -2.849611 -0.806118
C 1.002155 -3.424196 -2.082760
C 3.172268 -4.389231 -1.613718
H 3.997433 -3.943156 0.327029
H 0.185353 -3.287881 -2.800539
H 4.029860 -4.985740 -1.925551
H 2.108588 -4.646115 -3.477028
0 1.165023 5.021231 0.183436
H 0.412428 4.475990 0.457382
Compound A

Atomic Coordinates (Angstroms)

Symbol X Y z

H -4.302143 -0.777472 -0.986758
C -5.076785 -0.123453 -0.591521
C -7.051751 1.556776 0.397983
C -4.706646 1.123210 -0.066515
C -6.404042 -0.529432 -0.625037
C -7.393292 0.316626 -0.128949
C -5.717696 1.956728 0.431227
H -6.663352 -1.497435 -1.036381
H -8.433858 0.014453 -0.149957
H -7.821530 2.215697 0.788682
(6] -5.339862 3.159200 0.952424
C -3.291368 1.513402 -0.043091
C -2.176368 0.886253 -0.237302
Si -2.456239 3.231069 0.265430
C -3.112526 4.524042 -0.910835
H -3.050717 4.163318 -1.940948
H -2.506014 5.431705 -0.828818
H -4.151579 4.766030 -0.681698
C -2.414810 3.691168 2.077090
H -3.424042 3.856041 2.456408
H -1.830910 4.607744 2.208462
H -1.946565 2.891857 2.656710
Rh -0.302766 0.506886 -0.198206
C -0.692914 2.868626 -0.238578
C 0.384328 2.843255 -0.841027
P 1.910640 0.067100 0.521392
P -0.617385 -1.736611 -0.313576
C 1.617994 3.085035 -1.528093
C 3.989555 3.649455 -2.872974
C 1.868227 2.523423 -2.791387
C 2.569752 3.949386 -0.950432
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H 1.566156
H -6.109902

-4.399203
4.558324
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3.661517

R

-3.738522
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Chapter 5
Experimental Section
I. Genetal

A single crystal X-ray diffraction measurement was made on XtaLAB mini Il diffractometer using
graphite monochromated Mo-Ka radiation. Thermogravimetric and differential thermal analysis
(TG-DTA) were measured with a STA 2500 Regulus. TG-DTA measurement was conducted under
helium atmosphere with heating rate as 10 °C min™ from 25 °C to 500 °C and Al,O; was used for
reference.

I1. Computational Study for Photophysical Property of Benzoxasiloles

Calculation method: All calculations were carried out using the Gaussian 09 program."” The
DFT calculations for the photophysical properties of the benzoxasiloles were employed with
B3LYP functional®? using the 6-31G(d) basis sets.”” The molecular orbitals of monomers 10a
(Figure 2.2a.), 8 (Scheme 1.13.), 10¢ (Figure 2.2b.), 10d (Figure 2.2¢.), 10i, packing dimers 8A, 8B
(Figure 5.39.), 10dA, and 10dB (Figure 5.42.) of the gas-phase was obtained by single point
calculations based on the crystal structures. The molecular orbitals of 10i of the gas-phase were
obtained from optimized geometries at the B3LYP/6-31G(d) level.

The followings are the Cartesian coordinates for 10a, 8, 10¢, 10d, 10i, dimers 8A, 8B, 10dA, and
10dB.

212



Compound 10a
Standard orientation:

Center Atomic Atomic Coordinates
(Angstroms)
Number Number Type X
Y z
1 14 0 0.785402
0.894874 0.063631
2 8 0 -1.601902
-0.334886  -0.105195
3 8 0 2.456637
1.201251 0.188498
4 6 0 -2.973612
-0.241878  -0.120096
5 6 0 1.040415
-0.977426 0.076864
6 6 0 2.499865
-1.170370 0.043551
7 6 0 -3.539525
-1.513811 0.065798
8 6 0 -1.296671
-1.671007 0.075020
9 6 0 0.114997
-1.964644 0.105267
10 6 0 -2.424945
-2.424215 0.180380
11 6 0 3.205817
0.053726 0.098810
12 6 0 -3.691680
0.921682  -0.303977
13 6 0 -4.934878
-1.612327 0.092434
14 6 0 3.223414
-2.360983  -0.074197
15 6 0 0.200597
1.604973  -1.564345
16 6 0 -5.077906
0.790324  -0.292444
17 6 0 5.281196
-1.104907  -0.069148
18 6 0 4.588221
0.092217 0.045634
19 6 0 -0.033133
1.657969 1.579504
20 6 0 -5.680762
-0.459952  -0.091877
21 6 0 4.610647
-2.320110  -0.127316
22 6 0 0.350338
0.605607  -2.714185
23 6 0 -0.051356
0.693876 2.769781
24 6 0 0.879921
2.924145  -1.931290
25 6 0 0.610015
3.000321 1.965098
26 1 0 0.395267
-2.850869 0.144160
27 1 0 -2.470050
-3.345019 0.303447
28 1 0 -3.274795

213

1.743641  -0.428549

29 1 0 -5.351493
-2.431391 0.231203

30 1 0 2.777352
-3.175663  -0.116435

31 1 0 -0.757188
1.791488  -1.468832

32 1 0 -5.610482
1.541956  -0.418489

33 1 0 6.210171
-1.093744  -0.105940

34 1 0 5.042829
0.902651 0.085053

35 1 0 -0.966528
1.841968 1.342317

36 1 0 -6.609369
-0.517805  -0.082977

37 1 0 5.094136
-3.111844  -0.203546

38 1 0 1.280531
0.408334  -2.847341

39 1 0 -0.014235
0.983937  -3.517564

40 1 0 -0.119610
-0.202849  -2.499081

41 1 0 -0.610880
-0.059017 2.564749

42 1 0 -0.395457
1.146531 3.544030

43 1 0 0.841572
0.389668 2.949339

44 1 0 0.807747
3.538001 -1.196276

45 1 0 0.453227
3.300510  -2.704699

46 1 0 1.806684
2.763774  -2.123324

47 1 0 1.539761
2.864153 2.161752

48 1 0 0.167167
3.355945 2.739383

49 1 0 0.524280
3.617227 1.234776
Compound: 8

Standard orientation:

Center Atomic Atomic Coordinates
(Angstroms)
Number Number Type X Y
A

1 14 0 1.017169 1.314551
0.006875

2 8 0 -1.654971  -0.140093
0.137602

3 8 0 2.671851 1.540343
-0.285965

4 6 0 -3.027553  -0.279378
0.095786

5 6 0 1.181979  -0.562362
0.062363



6
0.045616
7
0.015936
8
0.054320
9
-0.011613
10
-0.194972
11
-0.040539
12
0.000502
13
0.120259
14
-0.088111
15
-0.065068
16
-0.312654
17
1.621278
18
-0.211342
19
-1.435647
20
0.124312
21
0.045156
22
0.055590
23
-0.191170
24
-1.608061
25
2.791128
26
1.934015
27
-2.726757
28
0.054026
29
-0.106650
30
0.273227
31
-0.154255
32
-0.457308
33
1.538278
34
-0.285913
35
-1.243688
36
0.193873
37

-1.143018

2.632180

0.279296

-3.376953

3.382145

-2.138940

4.698319

3.315883

-4.732416

-5.686640

4.757641

0.674333

5.399183

0.101219

-3.941199

-5.271965

5.422658

-7.149228

0.441395

1.366913

-0.786046

0.363985

0.618011

-2.037665

2.833795

-4.992855

5.245092

1.102968

6.326186

-0.857738

-3.677223

-5.918582

-1.429493

-0.804093

-1.563624

-1.624030

0.360824

-2.341812

-2.090002

-2.022603

-1.957372

-0.946966

0.319949

2.201096

-0.904154

2.064385

0.752601

0.388453

-3.417763

-1.287638

3.545025

1.513470

2.485596

1.304860

-2.429960

-3.264440

-2.802690

-2.848034

1.099657

3.078821

-0.935977

1.999787

1.641583

1.056125

0.065997

38 1 0 6.069653
0.764713

39 1 0 5.868713
-0.780697

40 1 0 4.790534
0.216933

41 1 0 -7.359295
-1.112091

42 1 0 -7.677049
0.128756

43 1 0 -7.340739
0.329712

44 1 0 0.262555
-0.788489

45 1 0 -0.096092
-2.311180

46 1 0 1.370227
-1.832393

47 1 0 0.959440
2.944861

48 1 0 1.279676
3.578042

49 1 0 2.296638
2.586133

50 1 0 -1.189959
1.190273

51 1 0 -0.843307
2.716309

52 1 0 -1.245882
2.093589

53 1 0 1.305014
-2.914326

54 1 0 -0.108986
-3.447496

55 1 0 0.062429
-2.631539

-3.398853

-3.573551

-4.121036

-1.456227

-0.553332

-2.071547

4.012117

3.917135

3.636924

0.658064

2.056400

1.392961

2.938437

3.039973

1.658636

1.309680

1.725767

0.398048

Compound: 10c
Standard orientation:

Center Atomic Atomic Coordinates
(Angstroms)
Number Number Type X Y
z

1 14 0 1.083089 1.941624
-0.011514

2 8 0 -1.505301 0.261984
0.225495

3 8 0 2.732880 2.291062
-0.189927

4 6 0 -3.107119  -1.316231
-0.153328

5 6 0 -2.862956 0.011225
0.192604

6 6 0 3.601024  -1.244763
-0.006573

7 1 0 3.153742  -2.081193
0.051452

8 6 0 -4.429019  -1.767419
-0.249714



9
-0.488066
10
-0.033137
11
-0.018685
12
-0.064325
13
0.006039
14
-0.096510
15
-0.173016
16
1.589969
17
1.581234
18
-0.075532
19
-0.126114
20
-0.151079
21
0.374171
22
0.563859
23
-0.147711
24
-0.310101
25
-0.535917
26
-1.504953
27
-1.338148
28
0.470794
29
0.716687
30
-0.065184
31
0.037328
32
-0.184630
33
-0.249975
34
1.787317
35
1.008041
36
2.590612
37
1.890249
38
-2.773097
39
-2.960807
40

-4.609115

4.997588

1.377367

2.843628

-5.475305

0.540668

0.944078

0.592189

1.042746

-0.894033

5.614789

6.563447

-5.167401

-5.883619

3.512443

-1.812490

-1.633842

0.182976

-0.798515

-3.872321

-3.687344

-6.938982

5.819937

4.891206

5.338835

-0.885731

-1.233704

-1.009628

-1.370154

0.521878

1.480373

0.010967

-2.668247

-1.215781

0.073671

-0.068384

-0.888844

-0.980477

-1.837652

2776774

3.669999

-0.945275

0.030179

0.070028

0.437099

1.031852

1.159003

-1.916091

-2.821513

2.609100

2.510391

0.912569

1.811095

-1.339677

-2.510804

1.217965

2.052874

3.059270

3.540792

3.606090

2.212595

1.820948

1.899281

2.182025

215

-3.527980
41
-2.644029
42
-1.699609
43
-0.866641
44
-2.416196
45
-1.940310
46
2.798095
47
2.882626
48
3.610412
49
2.675402
50
-0.643060
51
-1.551521
52
-0.666206
53
-0.077863
54
-0.958935
55
-0.552166
56
-1.066068
57
-1.836814
58
1.352495
59
1.893484
60
1.313629
61
1.755027
62
0.715597
63
0.148056
64
1.564321
65
0.888535
66
0.949871
67
0.934663
68
1.872627
69
0591909
70
-1.300926
71
-1.580576

0.289805

0.477910

0.288653

-0.090678

1.419018

1.162509

0.720368

1.006603

2.126184

-7.097394

-6.731856

-8.046753

-6.613472

-7.733773

-7.767803

-8.644755

-7.301404

-7.518495

-7.037575

-8.468043

-7.419134

5.141526

4.417299

4.770311

5.783068

7.134913

7.737098

6.857553

7.601657

6.412646

6.937558

0.877279

4.107589

4.588725

4.460553

4.226539

2.030058

1.159306

2.556386

1.897973

-2.758272

-2.784567

-2.998073

-3.397520

-0.404224

0.485369

-0.750512

-0.346750

-1.355006

-2.015206

-1.592845

-0.467122

-3.614059

-3.950747

-3.296364

-4.335031

-2.194883

-2.968890

-2.016029

-1.411073

-2.765502

-1.986246



72 1 0
-1.950307

73 1 0
-1.255427

5.696739

6.996346

Compound: 10d
Standard orientation:

Center Atomic Atomic
(Angstroms)
Number Number Type X
z
1 14 0 -1.114359
0.099709
2 8 0 1.426901
-0.466204
3 8 0 -2.739578
0.374093
4 6 0 -1.463833
-0.036642
5 6 0 -2.931621
0.075963
6 6 0 2.942177
-0.178306
7 6 0 -3.552985
0.313453
8 6 0 2.772408
-0.453451
9 6 0 0.761708
-0.178481
10 6 0 -5.091191
0.144518
1 6 0 5.315928
-0.242888
12 6 0 -3.712338
-0.023859
13 6 0 6.999989
-0.514084
14 6 0 -0.667173
-0.088008
15 6 0 1.622380
-0.008523
16 6 0 4.235250
-0.076334
17 6 0 -0.622856
-1.454926
18 6 0 6.691820
-0.091448
19 6 0 5.102823
-0.548150
20 6 0 -5.911490
0.037155
21 6 0 -5.675016
0.411198
22 6 0 -4.928099
0.487340
23 6 0 3.826519
-0.655501
24 6 0 8.273899
-0.362855
25 6 0 -0.209172

-2.927391

-3.551831

Coordinates

Y

2.328219

0.569394

2.698485

0.485593

0.364171

-1.103140

1.589415

0.256241

-0.614702

-0.750901

-0.761994

-0.787102

-2.580178

-0.600326

-1.637860

-1.602106

3.227216

-1.288584

0.599600

-1.988697

0.493309

1.659508

1.127805

-3.088608

2.919105

216

1.633788
26
0512776
27
-0.389859
28
0.232074
29
0.368630
30
-0.136586
31
0.678262
32
-1.269662
33
-0.467415
34
1501857
35
0.271789
36
-2.646080
37
2.813382
38
-0.207313
39
-0.903646
40
-0.060514
M
0.182959
42
0.103314
43
-1.647783
44
-0.678807
45
0.541809
46
0.653725
47
-0.854088
48
-0.663282
49
1.863621
50
0.810285
51
-0.629171
52
0.333836
53
0.658933
54
-0.190531
55
1.087824
56
-0.978792

7.697800

-7.235513

9.259991

-5.383659

-7.458408

8.974932

-0.739635

-8.001806

1.286383

-6.149519

-1.479250

-0.505276

-3.299553

6.338910

-1.091032

1.402768

4.372768

0.314109

5.836140

-6.594609

-5.342917

3.685472

8.467503

-0.607069

7.510020

-7.613920

10.117070

-4.502238

-7.970108

9.635307

-1.629626

-0.538785

-1.951501

-2.331061

-3.233958

-4.331843

-1.053076

4.736600

-3.106539

3.171227

-4.385850

2.751430

1.999010

-1.599999

-3.106810

-1.427889

-2.521376

-2.504067

3.014783

1.155870

0.538594

2.475493

2.025091

-3.946882

3.784427

0.322419

-1.136361

-2.678445

-3.294220

-5.105848

-0.542334

4.955651



57 1 0
-0.610095

58 1 0
-2.102578

59 1 0
-0.744954

60 1 0
1.289030

61 1 0
0.802152

62 1 0
2.330774

63 1 0
0.487507

64 1 0
-2.773280

65 1 0
-2.463346

66 1 0
-3.438239

67 1 0
2.939945

68 1 0
2.635838

69 1 0
3.611074

-0.106429

-0.556011

-8.888576

1.733027

1.441890

1.625763

-5.772677

-1.352179

-2.404966

-1.213118

-1.455132

-0.147765

-0.101391

5.028735

5.177591

-3.055020

2.347803

3.809939

3.515896

-5.208400

1.809101

2.926648

3.223635

1.936583

1.125393

2.355389

Compound: 10i
Standard orientation:

Center Atomic Atomic Coordinates
(Angstroms)
Number Number Type X Y
Z
1 6 0 1.328540 1.303753
0.087790
2 8 0 -1.885439 0.252622
-0.149438
3 8 0 2.767598 1.562315
-0.144591
4 6 0 -3.235484 0.018316
-0.151282
5 6 0 1.221875  -0.237697
0.067670
6 6 0 -1.266654  -0.963744
0.072642
7 6 0 2.598335  -0.725003
-0.019728
8 6 0 0.164253  -1.093855
0.104197
9 6 0 -3.495761  -1.346785
0.066037
10 6 0 3.435623 0.385448
-0.162938
1 6 0 -2.207120  -1.958280
0.204195
12 6 0 4536760 -2.176048
-0.159412
13 6 0 3.156446  -2.009284
-0.020467
14 6 0 -4.831257  -1.783816

217

0.097852
15
-0.086503
16
-0.309063
17
1.501076
18
-0.304217
19
-1.079885
20
-0.339224
21
-0.302769
22
-0.156375
23
-0.058521
24
-1.091498
25
2617992
26
1.912922
27
-2.445361
28
0.136314
29
0.381442
30
0.088828
31
0.264448
32
-0.420828
33
1.414203
34
-0.415438
35
-0.925629
36
-0.505492
37
-0.445046
38
0.669200
39
-1.085574
40
-0.050710
41
-1.007048
42
0.731484
43
0.120448
44
-0.202011
45
-1.962448

-5.860370

4.814925

1.064686

5.345574

0.583861

-4.233081

-5.546482

5.160901

-7.307915

0.817600

1.866400

-0.410824

0.967283

0.437128

-1.990354

2.522368

-5.062672

5.444321

1.455755

6.420392

-0.481276

-3.998880

-6.358798

5.874167

5.710582

4.400869

-7.813085

-7.868490

-7.395346

0.416977

0.319638

-0.861180

0.258465

1.930393

-1.030932

2.015191

0.964997

0.501102

-3.553570

-1.299204

3.536262

1.240280

2.027281

1.419219

-2.147669

-3.002939

-2.886294

-2.832924

1.135326

2.951103

-1.156931

1.829829

2.011540

1.209774

-3.672346

-3.750055

-4.334320

-1.077506

-0.783784

-2.375416

4.032617

3.977796



46 1 0 1.885174 3.769518
-1.161630
47 1 0 1.516422 0.216286
2.790292
48 1 0 1.738799 1.795597
3.554481
49 1 0 2.936186 1.206317
2.396268
50 1 0 -1.026982 2.543316
1.172170
51 1 0 -0.481153 2.586185
2.853605
52 1 0 -0.848882 1.040049
2.084601
53 1 0 2.029288 1.577759
-2.661305
54 1 0 0.388026 1.904643
-3.238975
55 1 0 0.763873 0.345168
-2.494213
Dimer 8A
Standard orientation:
Center Atomic Atomic Coordinates
(Angstroms)
Number Number Type X Y
Zz
1 14 0 -4.235519 1.925993
-0.364934
2 8 0 -1.291195 2.284631
0.324811
3 8 0 -5.801654 1.281199
-0.286376
4 6 0 -0.099038 2.960959
0.487510
5 6 0 -3.466616 0.419240
0.466646
6 6 0 -1.132206 1.075846
0.993147
7 6 0 -4.568753  -0.550579
0.558396
8 6 0 -2.245878 0.181008
0.986714
9 1 0 -2.116494  -0.651088
1.381862
10 6 0 0.796050 2.196464
1.233210
1 6 0 -5.805114  -0.024379
0.160295
12 6 0 0.100630 0.984630
1.543970
13 1 0 0.434166 0.267377
2.034044
14 6 0 -5.677951  -2.650599

218

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

1.089742

1.012939

1.268322

1.517453

2.008258

1.061072

0.223031

-0.039724

-2.189911

-2.550704

0.684712

0.724162

0.589969

0.493530

0.014326

-0.478846

0.314398

0.008585

1.637501

0.976217

2.427618

1.855749

1.397119

2.296466

0.791398

1.317829

0.026604

o

o

o

-4.527742

-3.713035

2.055685

2.674104

2.375333

-6.961519

-7.778035

-3.893582

-4.689508

-6.883776

-7.658967

-4.257705

-3.374874

0.178354

-0.441193

1.431310

1.657523

-5.633452

-5.969317

-6.177029

-4.728207

3.712625

3.694322

3.897204

4.396946

-5.292340

-1.875271

-2.243207

2.731980

2.239895

4.005376

-0.776910

-0.415330

2.175663

2.619902

-2.081162

-2.593307

3.529038

3.943680

4.225749

4.713349

4.725617

5.573932

-4.060787

-4.670472

-4.114162

-4.291228

4.613526

4.947422

5.334071

3.944253

4.503661



41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

-0.907711

0.492895

0.139938

-2.924507

-2.637440

-3.869952

-2.727778

-2.535801

-2.077782

-3.483905

-2.265037

2.073873

2.195502

2.529772

2432112

14

0.365148

-0.325172

0.286590

-0.487871

-0.467007

-0.992932

-0.558182

-0.987075

-1.233571

-0.160081

-1.544331

0

-5.122840

-5.230782

-6.172693

-3.796245

-3.007521

-3.748318

-4.570989

-2.724486

-2.823991

-2.708215

-1.904078

-4.497766

-5.336108

-4.518054

-3.789855

4.235801

1.290982

5.801937

0.098824

3.466403

1.132488

4.569035

2.245665

-0.796263

5.805397

-0.100843

5.678233

4.645729

5.340631

4.138104

0.844521

0.378800

1.004057

0.313482

3.083974

3.921636

3.237039

2.666370

3.298193

2.847493

4.142038

2.757048

-1.926296

-2.284283

-1.281502

-2.960611

-0.418892

-1.076149

0.550276

-0.180660

-2.196116

0.024076

-0.984282

2.650296

219

68

69

70

71

72

73

74

75

76

7

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

-1.089527

6

-1.012724

-1.517814

-1.061433

-0.222816

2.190125

-0.685073

-0.589648

-0.014112

-0.314759

-1.637287

-1.397480

-0.026389

2.924721

2.536016

-2.073552

-0.493315

0.479060

-1.382223

-0.008946

-2.033829

-0.976578

-2.427404

-1.855535

-1.268683

-2.296827

-0.791759

4.528024

-2.055898

-2.375546

6.961801

3.893865

6.883563

4.256762

-0.178072

-1.431523

5.633734

-3.712838

5.292622

3.796527

2.724768

4.496823

3.375156

0.441475

2.116281

-1.657736

-0.433884

5.969104

6.177311

4.728489

3.712822

-3.694535

-3.897417

1.874968

-2.731633

-4.005028

0.776607

-2.175966

2.081510

-3.528643

-4.226053

-4.725269

4.060484

-4.613178

-4.503964

-0.844824

-3.084277

-3.297798

-3.943984

-4.713652

0.651436

-5.573585

-0.267681

4.670819

4.113859

4.290925

2.243554

-4.947074

-5.333723



94 1 -4.396663  -3.944556
-1.317615
95 1 -2.674552  -2.240151
-2.007362
96 1 5.123122  -4.646032
0.907925
97 1 5.230569  -5.340283
-0.493256
98 1 6.172480 -4.137756
-0.140299
99 1 7.777822 0.415678
0.039363
100 1 3.007803  -0.379103
2.637655
101 1 3.748105 -1.003709
3.869591
102 1 4.571272  -0.313785
2.727992
103 1 4.689791  -2.620205
2.550918
104 1 2.823047  -3.921242
2.078102
105 1 2.708001  -3.236691
3.483544
106 1 1.903865  -2.666022
2.264676
107 1 7.659249 2.593004
-0.723948
108 1 5.336390  -2.847796
-2.195288
109 1 4518336  -4.142341
-2.529558
110 1 3.789408  -2.757305
-2.431216
Dimer 8B
Standard orientation:
Center Atomic Coordinates
(Angstroms)
Number Number X Y
Zz
1 14 1.618133  -3.428140
-0.317245
2 8 3.426043  -1.115932
0.494278
3 8 0.174747  -4.257584
-0.638758
4 6 4563315  -0.333794
0.494675
5 6 0.751678  -2.126748
0.735691
6 6 2445118  -0.353824
1.118847

220

7
0.866168
8
1.237736
9
1.709225
10
1.111490
1
0.087434
12
1.504789
13
1.944006
14
1.597257
15
1.623684
16
2.155646
17
1.186588
18
1.598557
19
0.640165
20
0.048416
21
-0.476167
22
0.564790
23
0.038376
24
0.805186
25
0.785897
26
-1.962425
27
-1.792641
28
-0.057483
29
-0.465568
30
0.032497
31
-0.324283
32
2.372585
33
2.980106
34
1.761316
35
2.866429
36
0.674232
37
-0.020187
38

-0.627784

1.147655

0.510239

4.311709

-0.886229

2.936149

2.466586

-2.948945

-1.677068

-1.518397

5.348129

5.208291

6.588166

-2.141026

-2.302244

2.714362

2.660307

-3.156370

-4.001706

2.316148

3.184844

5.777765

5.914789

6.779690

7.614747

-4.090420

-4.453828

-4.774481

-3.767692

7.701896

7.564688

8.541836

R
-2.620440
-0.939912
-0.453431

0.890108
-3.756548
0.846820
1.519478
-2.641779
-2.083528
-1.337751
1.825226
2.647544
1.515829
-4.332283
-5.084147
-4.665110
-5.490327
-3.769573
-4.156621
-2.891259
-2.470352
-0.681327
-1.505646
0.266226
0.066926
-2.020047
-2.668638
-1.735406
-1.263628
2.530506
3.178273

2.087662



0538059
39
1527401
40
-2.888584
41
-2.450027
42
-3.696575
43
-3.101146
44
1.940011
45
2514903
46
2.313074
47
1.857147
48
0636323
49
-0.245327
50
1.000215
51
1.199504
52
-2.641197
53
-2.775880
54
-3.488305
55
-2.085366
56
0.317983
57
-0.494686
58
0.638776
59
-0.495083
60
-0.735379
61
-1.118829
62
-0.865430
63
-1.237424
64
-1.111899
65
-0.087416
66
-1.505197
67
-1.597239
68
-1.623666
69
-1.186996

7.706213

2.551728

3.119136

2.974382

1.711204

2.161096

2.224963

2.668922

1.241705

4.193344

4519327

4.678100

4.315918

1.429610

0.554370

1.809979

1.364194

-1.617778

-3.426021

-0.175082

-4.563293

-0.750966

-2.445453

0.628139

-1.146943

-4.311688

0.885894

-2.936128

2.948609

1.676732

-5.348107

2.971631

-4.084771

-4.723186

-3.784357

-4.496881

-5.016833

-4.250798

-5.741093

-5.279108

-4.320218

-4.125819

-5.065328

-3.553029

-1.858684

-2.228219

-1.617732

-1.078247

3.428468

1.115502

4.257985

0.333363

2.126244

0.354225

2.620768

0.939409

-0.890538

3.756949

-0.847250

2.642179

2.083929

-1.825656

221

70
-0.640573
71
-0.047678
72
-0.564772
73
-0.805594
74
1.962017
75
0.057501
76
-0.032905
77
-2.371847
78
-0.674641
79
2.888602
80
-1.939993
81
-0.636305
82
2.640788
83
1.792660
84
0.465586
85
-1.709634
86
0.323874
87
-1.943988
88
-2.979795
89
-1.761298
90
-2.866411
91
-2.155335
92
0.019778
93
-0.538467
94
-1.527383
95
-1.598538
96
2.450045
97
3.696887
98
3.100738
99
0.475758
100
-2.514885
101

-6.588144

2.141381

-2.714697

3.156392

-2.316126

-5.778100

-6.779668

4.090775

-7.701874

-2.552063

-2.161431

-4.193679

-1.429589

-3.185179

-5.915125

-0.510217

-7.614726

-2.466921

4.454540

4.774146

3.767357

1.519109

-7.564666

-8.541814

-7.706548

-5.208626

-3.119472

-2.973670

-1.711182

2.302266

-2.225298

-2.668900

R
-1.516259
4.332611
4.665510
3.769143
2.890829
0.681728
-0.266657
2.020375
-2.530936
4.085172
5.017233
4.320619
1.858254
2.470753
1.506046
0.453001
-0.067356
-1.519077
2.668134
1.735806
1.264028
1.337248
-3.178703
-2.088092
-2.971231
-2.647144
4.723587
3.783853
4.496451
5.083717
4.251199

5.740663



-2.313483

102 1 -1.241350 5.279436
-1.856409

103 1 -2.660642 5.490728
-0.038358

104 1 -4.519305 4.125389
0.244918

105 1 -4.678078 5.064898
-1.000624

106 1 -4.315897 3.552599
-1.199912

107 1 4.002061 4.156948
-0.785159

108 1 -0.554015 2.228546
2.776619

109 1 -1.810314 1.618133
3.488323

110 1 -1.364530 1.078647
2.085384
Dimer 10dA

Standard orientation:

Center Atomic Coordinates
(Angstroms)
Number Number X Y
Z

1 14 -0.040986  -4.051463
-0.160679

2 8 2407188  -2.482232
1.030384

3 8 -1.651444  -4.414091
-0.516905

4 6 -0.504695  -2.483551
0.768046

5 6 -1.982023  -2.457926
0.763174

6 6 3.782700  -0.718045
1.445022

7 6 -2.532570  -3.515262
0.040830

8 6 3.724449  -2.073941
1.112463

9 6 1.644899  -1.353444
1.300925

10 6 -4.211757  -1.620047
1.249210

11 6 6.173189  -0.838968
1.283198

12 6 -2.830873  -1.534911
1.373429

13 1 -2.462608  -0.845043
1.877355

14 6 7.743975 0.832746
2.259624

15 1 7.075516 1.081154
2.857452

16 6 0.217458  -1.456332
1.257095

17 1 -0.262147  -0.738487
1.602843

222

18
1.562982
19
1.777864
20
1.528343
21
1.750861
22
0.839532
23
1.076192
24
1.331267
25
0.977368
26
0.833689
27
1.903965
28
0.489590
29
0.380574
30
-0.104703
31
-0.592882
32
0.886591
33
0.683276
34
2.302382
35
2.938096
36
-1.825860
37
-2.393854
38
0.432243
39
-0.201471
40
2.314566
41
2.189875
42
1.409824
43
1.440602
44
2.126333
45
1.863389
46
3.118979
47
3.516165
48
0.465382
49

2.421229

2.129791

5.029196

5.092802

0.613215

1.544304

7.496961

6.073502

6.850465

-5.105842

-4.726482

-5.647508

-3.908690

-4.276737

4.846493

4.780316

8.967029

9.121794

0.798771

0.446258

8.509221

8.361094

-6.392504

-6.698294

9.961083

10.783437

-4.686686

-3.832654

-6.793126

-7.352015

9.734585

10.399483

R
-0.283188
0.573774
-0.109187
0.791456
-5.480287
-5.287173
-0.176680
-2.213239
-2.703930
-0.625587
-2.677856
-2.745588
-3.627454
-4.328321
-2.849567
-3.754408
1.469801
2.130831
-3.847045
-4.563317
-0.502823
-1.167586
-0.960898
-1.830198
1.130553
1.564073
0.683523
0.941013
1.268964
1.896692
0.145507

-0.079752



-0.144423
50
0.024672
51
-0.303864
52
-0.714722
53
0.580090
54
2.905920
55
3.161285
56
-1.862370
57
-1.328460
58
-1.510628
59
-2.768092
60
2.732898
61
2.882108
62
2.144344
63
2.662115
64
1.933320
65
2.647826
66
-2.484769
67
-2.541967
68
-1.959113
69
-3.369362
70
0.160440
71
-1.029859
72
0.516666
73
-0.768285
74
-0.763414
75
-1.445262
76
-0.040306
77
-1.112749
78
-1.301211
79
-1.248686
80
-1.282673

0.586867

-0.303076

1.193683

0.855015

-7.228731

-8.089531

2.313017

2.716225

2.558218

2.619656

-5.521434

-5.216138

-0.192936

-0.121632

-1.114235

0.157209

0.362576

-0.595185

0.670846

0.736298

0.041256

-2.407060

1.651714

0.504965

1.982293

-3.782430

2.532698

-3.724769

-1.645218

4.211886

-6.173060

-6.769430

-6.922797

-6.694066

-7.505328

-0.023690

-0.268344

-3.995274

-3.305429

-4.855106

-3.921313

1.610079

2.475833

-5.637460

-4.832825

-5.800774

-6.376994

-2.541785

-2.517427

-1.799359

-2.485889

4.051918

2.481506

4.414546

2.484006

2.458381

0.718500

3.514536

2.073590

1.353093

1.619321

0.838242

223

81
-1.373715
82
-2.259911
83
-1.257335
84
-1.562458
85
-1.528630
86
-0.839819
87
-1.330160
88
-0.977608
89
-1.904205
90
-0.489876
91
0.104463
92
-0.886066
93
-2.302622
94
1.825573
95
-0.432483
96
-2.314806
97
-1.409528
98
-2.125761
99
-3.118636
100
-0.464810
101
-0.024912
102
-2.906207
103
1.862083
104
-2.733137
105
-2.144048
106
2.484482
107
-0.833928
108
-0.380814
109
0.592595
110
-0.683563
111
-2.938383
112

2.830553

-71.744295

-0.217188

-2.421101

-5.029516

-0.613535

-7.497504

-6.073232

5.106112

4.726162

3.908960

-4.846365

-8.966759

-0.799091

-8.508951

6.392774

-9.962074

4.687405

6.792725

-9.733866

-0.586597

7.228411

-2.313337

5.521704

0.191944

-0.362895

-6.850195

5.647778

4.276417

-4.780635

-9.122114

-0.445540

R
1.534560
-0.833096
1.456787
0.282462
0.108836
5.479937
0.176412
2.213694
0.626042
2.677506
3.627909
2.848841
-1.469346
3.846695
0.503278
0.961353
-1.130447
-0.683443
-1.268051
-0.145427
6.769885
0.023339
3.994923
-1.609624
5.637567
2.541435
2.704385
2.746043
4.327970
3.754057
-2.131182

4.563397



2.394425

113 1 0 -8.360375
0.202043

114 1 0 6.698564
-2.190115

115 1 0 3.832783
-1.862865

116 1 0 7.351024
-3.515869

117 1 0 -10.783167
-1.440842

118 1 0 -10.399885
0.144766

119 1 0 2.462288
-1.877641

120 1 0 0.302084
0.304160

121 1 0 -1.193413
0.714482

122 1 0 -0.855335
-0.580377

123 1 0 -7.075836
-2.857738

124 1 0 8.089800
-3.161525

125 1 0 0.262417
-1.603083

126 1 0 -2.716626
1.328803

127 1 0 -2.558090
1511153

128 1 0 -2.620647
2.768388

129 1 0 -2.130111
-1.778151

130 1 0 5.216185
-2.880953

131 1 0 -5.092673
-1.750336

132 1 0 0.121760
-2.661591

133 1 0 1.114953
-1.932748

134 1 0 -0.156491
-2.647255

135 1 0 -1.544624
-1.076478

136 1 0 0.595455
2.541728

137 1 0 -0.670576
1.958873

138 1 0 -0.736028
3.369122
Dimer 10dB

Standard orientation:
Center Atomic Atomic
(Angstroms)
Number Number Type X

Z

1.167666

1.830653

-0.941739

-1.896586

-1.563617

0.080664

0.844692

6.922904

6.694521

7.504977

-1.081505

0.268799

0.738942

3.306342

4.854380

3.921420

-0.574125

-2.475295

-0.792182

4.832098

5.800854

6.377073

5.286823

2.517882

1.799814

2.486344

Coordinates

Y

224

1
-0.090488
2
0.313504
3
-0.075233
4
0.634294
5
0.740547
6
1.397736
7
0.359488
8
0.516163
9
1.096301
10
1.246626
1
1.262501
12
1.161354
13
1.391288
14
1.925688
15
1.803667
16
1121120
17
1516059
18
1.751871
19
2.324829
20
1.763979
21
2.347178
22
-1.867173
23
-1.907114
24
1.688165
25
0.351787
26
0.002320
27
1.699673
28
0.883839
29
0.947074
30
0.433993
31
0.187456
32

14

-2.233885

0.455019

-3.896171

-2.447250

-3.907801

2.054341

-4.626216

1.813982

-0.148160

-5.986388

4.397959

-4.599584

-4.120505

6.216243

5.622704

-1.577529

-1.945460

0.764712

0.591697

3.367095

3.551540

-1.690945

-0.730125

5.791336

4.116551

4.818298

-6.711164

-6.670883

-7.598554

-6.011992

-6.492045

2.818906

R
3.908019
2.333754
4.208508
2.186055
1.992848
1.132535
3.125274
2.189654
1.358689
0.837347
1.626914
0.857388
0.094196
0.055472

-0.650892
1.278800
0.521224
0.614788

-0.097447
0.860603
0.160191
4.031571
3.843274
1.361167
2.668041
3.167727

-0.381672
2.003485
2.017215
3.138035
3.895899

2.964877



-0.032247
33
-0.630143
34
2.339253
35
2.479389
36
1.022295
37
0.809500
38
1.907947
39
1.764065
40
1.259700
41
0.655939
42
2.546534
43
2.827266
44
2.590138
45
2.904887
46
2.583582
47
2.878585
48
2.336959
49
2.484039
50
-2.409486
51
-2.284333
52
-1.940486
53
-3.345159
54
1.702445
55
1.402872
56
0.839084
57
1.049084
58
-0.071701
59
1.423462
60
3.014374
61
3.600661
62
-2.728518
63
-2.398310

o

2.632661

7.506939

7.779613

-1.486125

-1.957346

6.697177

6.430314

-7.999609

-8.413484

8.393153

9.261882

-6.126385

-5.266697

-8.079459

-8.532405
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